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imiSEFACE CONTROL 



EEHJb OF THE MVENIION 
The preseait inventioiireJatss to aa intetf ace control. Moore 
particBlady, tiie preseat inventioa relates to an intecface 5 
control device which allows a nsec to control the operation 
of conpitef ^splications, machinery, and video gamfis. 
BAC3EC3SR.OXMD OF THE INVEMEJOlSr 
Joystick controls have been employedin a witde vajiety of 
applications, including computer softwar*:, indnstcial 
madhiiieiy, and muMincdia interfaces to control fee posi- 
tiotdog d as. oligect disp&s^ed on a scie^, snch as a cmsor 
tsr pointer. A lypical prior art joystieic indudfts: a gimballed 
stick pivotaliy coi^slcd to a fiat base portiott. /in^ sensrecs 
coupled to the gimbalisd stick goiecate position control 
agnals in response to a nser pivoting the gimballed stick 
xdtative to the base portion. These coiteolsignals are used to 
jsan^Bilate the position of ths cursor. A dqsressibie switch 
ootxpled to Ifae top of the stidc is used to generate a trigger 
csontiol dgnal for iiii3»Ietneatmg vanotis ftmctions, sndi as 1 
sdectsng items £rom a pnU down vosaa or cansing a dhar- 
acter in a video-gmie to jimp. ' 

Ibm stmctnre of fiicse ^jmballed jcyslick contndlers 
niaikiss them somewhat diEciilt to operate. Rotatii^ liie arm ^ 
and wiist to control posHiomng fimctioas (Lc, pivoting flie 
stick) wliile pressing downward wllh the tfaunab or finger to 
manipnkte td^er fanctions requires a fair aarLonnt cf prac- 
tice and coordinalion. Fnr&cr, reqmrii^ a vtsix to sinuiltar 
neonsty conabine these motions may lead to sin inadvertent ^ 
tiiange in &e positioning of a qnsQs: while inqAemeirttng a 
trigger fnncdon. For instance^ in. a point-and-shoot 
ppcraJion, \rttare a nsor feret positions the cnrsor onto a tai^et 
on the display seresa and then activates toe trigger Junction, 
depressing fee trigger switdtt with the Uinnib ix fingor often 3 j 
results -in slight loovemsnts of Ifae aim and/or wdst, dieceby 
causing flie cnrsor to sii^ off the Jargd:. This pfaenomenon.ls 
commohly xeSaxBd to as carsar ctc«3>. 

The «mvesational joysticfc contttaiea* descii'bfcd above; has 
toe &ra»ar fifeadvantage trf nndraitably lequiiing toe nse of 4^ 
two hands, i.e., ooe band to hidd toe base toe controllcr 
andliffiotoerfaandto c^eaatetoe conteoHer's sitidk. The only 
manner in whidi toese coiitrdliets may be operated wito one 
band is to pSace tiie contrdier on a table or otora- fiat surface. 

Other joystick controllers have been developed in 45 
response to to© above-isenfioned problems. One such con- 
tniiierincladeE apayofing, handgrgj-Siaped stickfaaving one 
or more squeezable tdggcr switches bnllt into a side pcation 
of toe iiandgrjp. The posifLoning <3f an im^e is contiolied by 
pivoting toe handgdp, vrtule toe trigger fontiions are con^ 50 
tcofled by squeezing toe trigger switches wito toe flngerfi. 
AltooQ^ in sndi a design toe pc«itio3mijj controls are 
somewhat isolated firan toe trigger funcfion contrds <ie., 
sqneezing toe trigger switch wito toe indeji finger is not 
Tftrely to cause as mnch of an inadveatent cha:age in position 55 
. as would dcfsesslBg a isgger switch on toe top of toe stick 
wito toe toambX corsar creep is nevcrthcltiss a problem. 
Furtoer, snsih a controller require toe use of two bands or, 
altemattvely, a tabletop supprat. 

Some have attenptedto develop a one-haiided controller eO: 
by ^mpLy reducing toe sdze of conventionaL joystici con- 
trollers. These confroEexs fit wiftin a user's hand, where toe 
totnnb, resting atop toe stick, controls the positioning tone- 
tion. The trigger frmction is controEed by sguiseaing a trigger 
switch located. on fhe side of the controller' « sticL 55 

These miniatarized versions of conventional joystick con- 
trollers are for toe most part clmnsy and ineffective. Merely 
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redndng As size of a controBer designed for two-banded 
operaiton so as to be operated by one hand sevrasly Jimits 
the precision wiSi which a nser may control a cursor. 
Frathre, these nmaatnrized controllers are ineffective in 
5 isolating triggear conixols ftom pcsitiioBing centred. Indeed, 
squeeziiig a trii^er switch witli, far estangjle, ■&& indes 
finger ijrpicalty^ causes the conteoller slicfe to move forward, 
Ihcreby resnlliBg in tmdesitaMB vertical carsor creep. 
This nndesiraMe intEracfion brtrween pwifioniiig and tdg- 
W gca: controls of miBiature joystick: contctdlers, coaplfid with 
users' con^iaints of infedor exgononaics, has led Others to 
revert to flhe mrace primitive two-handed vMeo game con- 
troHer shown in FIG. 1. Controller 1 has four fays 2a-2d. 
dtastEred togeflia in a first poitioh of conttdler^l and feree 
15 keys 4o-4c gtotfted togeflier in a second portion of con- 
tiottar 1. Keys 2c-2<i control the poafioning of a displayed 
object (sndi as the hearo of, the Yidso game) by generating 
distal positioning signals in issponse to a ma: depressing 
one or more of k^s 2a~2d. Keys 4<f-4c control vadons 
20 tdgger functions (i.e., start-stop, Jonqj, shoot, for cssangjle). 
The contrcdier shown in FIG. 1, although virtually ejinnnat- 
ing inadvertent interaction between positioning and trigger 
controls, noaeHMiess reqiares the ase-of two hands. 
Thns, there is a needf or jcystiafc controller wMcii may be 
^ operated in one hand. Thee is also a need f rar a controller 
having improved pteeisiott andnergononiics. Such a device 
should also isolate positioning and tdgga- coniiolE, thereby 
eHminafing cnrsor creqp and ortier inadvertent posSion 
control sigBals prodnced during activation of tdgger fnnc- 
^ tions; 

SUMMARY OF THE INVHSITION 

In accordance with the present invenlioE, an. interface 
35 condrdlis disclosed wMcii t^eis users supeaior jjerformance 
and ergonomics.Ih the profetred embodiment, a fhnmbpiece 
is sBdaMy disposed witiiiii a loi^itudinai ana mernbo' 
hawig a Sxst endjxtvotaBy conplBd to a fixed point The arm 
nKmb^ may pivot about fee fixed pcsnt sudi fliat a second 
40 end ptKiioBi of && atm mmiber follows an arcuate pafc 
having as Its center the feed pdnt The thmnbidece slides 
back and forth along Qie longitndinal axis of tat arm 
member; A first sensor coupled to the arm member in a 
xepm prcKimate to the fixed pomt sens» the ai^nlar 
45 position ocE the armmembar. A second sensor wjtipled to the 
thnmbfnece senses fee linear movanjait of the fhmnbiaece 
Tdafive to andlon^tadinally along the armmeniKr. Attdrd 
sensor coapled to the fenmbfaece «eBses a downward f Mce 
exerted npon the thambpiece. 
50 The interface control nsay, in one athbodiment, comfort- 
ably; irat in lie palm of a usar's hand. Posittoning -ttie fingeis 
along &e nnds^iae of ftie interface control, a nser |daces the 
thianb in tiie ftiinnfcpece. The user controls the hcatesntal 
positioning of, fa: esasnjile, a cursor by causing fee aim 
55 member to pivot etfiier to the light or to ifae left about the 
Sxedpoint This motion is detected by the first sensoi, which 
in response thereto causes the cursor to movs eilhear i^ht or 
left, respeticyely, on a display screai. The vertical positfon- 
ing of the cursor is controlled by sliding the thunifapiece 
60 along the length of the arm member. The second sensor 
dete<Ss this linear moveniient csf the feumbpiece and, ia 
xesponse thaieto, causes the cursor to move up and down on 
fee display screen. A uses: may implement trigger Jfnncfions 
by exertiiig a downward force on tbe feumtpdece. This 
65 pressure is detected by the third sensor which, in turn, causes 
some predetermined fiEnction to be inrplfimented on fee 
display screen. 
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III another enibodiinent, the lonsitadinal armi membea: is 
disposed wito a track defining an fflxamtB patti rather th^ 
being coopled to a fixed pivot pmM. ttiis enfcodament, 
positioniDg and ttigger fancticHis are controEed in the same 
mannesr as describediii &0 prrfened embotBment. By mo?^ 5 
ingfhe armmBinbar sixms fee aroiatspatti as defined by ttie 
track, the thmnbiacce f oHows an arcaate path having as its 
center a viitual pivot point A scnsrar coupled to the aim 
njEjabea: senses Ifae arcaate movement of the ama XKunber 
relative to the iaterface control and in response tfatstet© 10 
geimratcB a hodzontal positioniag control lagaaL The verti- 
cal posittoBing of the cursor and triggisr fundions are 
implementca as dumbed above in coniiecaon wife the 
]^ef erred oaibodiniEErt. 

BmbodimBnts of fee present inventiott isolate tee trigger 
fimcaon &om the positionii^ controls. The downwardforce 
used to iiifilcniait atnggafunetioa willalways be cathogo- 
nal to feoseiiHAions of fie thomb -wiiich ans used to control 
the positiomng of fee cmsor, is^aidless of Ifae positi«m of 
&c aim member or thmnbEMece. This orthogonal lelation- 20, 
ship prwents a usear j&am inadvertently altering the posi- 
tioning of flae cursor when trying to insdemeitt a trigger 
functioii. 

aribodimiBiits in accoadance wilfa the pieseBt invention ^ 
also addeve snpedor ergonomics. Ihe arm niember is 
^fsefetabiyof alensthap|ff«fdmatelyBqHa!.totfaatof anadult 
thtmibA?lie»differe3atlangtha3mJiiraiihe:cs can be provided 
for diflfcient-sjze-haajds. Together the ana member, which 
rotates to fbnn an arcoate path, and the f hombplece, which 
sKdes along Ifae lengfli of tfae aim menAKSE, annlate Ifae 
natural pivoting and cmling/sssteading laoiions of tfae 
flttttcab, req>e«fively. The result is a comf nctahie, piedse, and 
easy to use iatesrfece control 

3n anolfca: snbodiment, additional tdigger switsdies aie 
ptovided vSfiun cavities farmed in the undersdde of Ifae 
interface coBliol The fii^slips of -toe user's hand, each 
comfcatably nesfied vsdtttn an associated cavity, conttot fce 
cperafion of fee additional Irigges switdaes, whicfa mity be 
used to inqtonoat nmnerous otha: ftsncdons. ^ 

Endjodimoits of fas present invention are nsafale as an 
imtcaface between a user and a macaane where Ifae marMBB ^ 
cairies oat some predetettnined fimction in reqaonse to 
coanmands issued by the user. In oni> bnbodimsnt, for 
instance, the user mssr conttol the mstianical operation of 45 
constracfion eqo^nnent. In. anofcer auibqdiment, fte user 
may control moveable elements on a disipiay screen, such^ 
a ctirsor ia a software application rar an object in a video 

^^m.s invention vaSL be mare fiilly tmderstood m view of 50 
the foEowing dsscripfion btoi togethar wife tiie drawings, 
BRIEF mSCSSPTKM OF THE DRAWINGS 

FIG. 1 is a prior art four-key duster joystick controller; 

FIG. 2 is a plan view of one embodiment in accordance 
•wiffa flie present invantioix; 

PIGS. 3Aand 3B are side and end views of Ifae embodi- 
ment Cff HK3.' 2, xesiBcavely; 

FIG. 4 is a perspective view of a portion of fiie emijoffi- ^ 
ment of ELG. 2; 

VIG. 5 shows OBB embodiment in accordance wilfa fee 
present invention resting in the pidm of a user's band; 

"FIG. 6 shows another eiiibodiinBntin accardance with the 
present inventiott; . ® 

WG. 7 is an ead view of aaofher einbodiment in accor- 
dance wife Ifae present invention; 
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FIG. 8 is a plan view of yet anotiiec emboSiiQeiit in 
acconSaace "witii fiiEs preseat invoatian; 

9 shows the eanbodimeiit of FIG, 2 used in conjanc- 
tion witti fte plor art coatrtaier of PIG. 1; and 
5 FIGS. 10, 31 and 12 are pto. views «£ three ofecr 
endjodunente ia accordance vsito the present inventioE. 

DETAILED DESOOFnON OF TEE 
PREFEEiKED EMBODIMENTS 
w la accordance wife fee present invention, an interface 
control is disdosed wlndx attows a laser to sinailtaneously 
control both a triggearfiiiicfiott andthepositicaaing of a cnrsar 
titronah a single contact smf ace asing only fee &nn&. In (he 
pref ened anbodiment showa ia EIGS. S, 3A, 3B, 4 aBd 5, 
^5 a hand-bdd interface coBtcol 10 is jwovided in sa^cxt 12 
- windi tedndss base plate 14 and side wall 16 iiaving first 
romded endpoitioii 1&^ second roaadfsd endportiott 166, 
and sideporfions 16ci, 1^ cOinnecttngiotindedendpo!rtipBS 
16i^l«fe. Top plate 18 (FKiS. 3A and SB) is providedabove 
2° side wall 16 aad eadoses a jportiQn of si^pcart 12. Longi- 
tudinal ann membex 30 (EtGS. 2, 3A, 3B, 4, 5) is dii^msed 
in andpiyotally eonnectedto suppoit 12 2) atpdiiit 22. 
AnnTuenfter-aO jsay be ccmnBcted to stqppat 13 by any 
suitable xnssms, suda as bcJt 23 (EIGS; 2, 3A, 3B, 4, 5), «■ 
^ mi^ipraptiiatD bearing stafacc which aQowsanameni^^ 
topivotabo«tiK)iit22a5 ii«firatBdbyBirows2St^ 7Sb ^G. 
2). As will he explained below, &e resistance providctL 
betweeti (1> acm. member "20 and base plate 14 and (2> 
tiHunbpiece 28 and ann membet 20 may be acgusted to a 
^° level snilaMc to fiie needs^ a parficnlar aser or afpHcatioB. 
First scasor 3« (HOGS. 2, 3A, 3B) is conpied to arm 
meaaibcr 20 and senses the angiiiar rotation of aim ineaibeE 
20 aboot poiat 22. First sensor 26, joeferablj' a. iotar;!r 
lesislive potentLometer atthoo^ oliier appropdate saasiag 
stntctnres sucii as capadlivc sensofcs, for example, can also 
be nsed, generates Sarst positioBiiig signals indicative of the 
direction and magmtade of aon membsi 20'sxotation aboiit 
point Zl. 

^ Refen±ng to EIGS. 3A and 4, ana mfatdKar 20 bas cavity 
30fcinnedatoneendthejKc£Caviiy30isbonadedoneith«r 
side by side walls 2&^ 2fl£» which have f toned thsstain 
groovK 34;?, 34i> (groove 34J^ whidi is f aaned wttMn side 
waE 20fc, is not shown in FIG. 4). 
45 Thunibpiece 28 (FIGS. 2, 3A, and 4) is sHdably mramte^ 
witiiia taviJy 30 of aim meanber 20 and may slide along fiis 
lengfli of arm member 20, as indicated by anows 3Za, 32!fe 
(FIG. 2), Outwardly protrnding fianges 36a, 3«& (FIG. 4) 
provided on Sie sides of ttiamiBfriiece 28 matingty couple 

50 Wife grooves 34a, 34fe fcamed in side waQs 20c;. 20&, 
respeoSiveiy, of ann msniber 20 to fatalitate fiie sliding of 
tiimnbpiece 28 along liie Icngfc <£ ana msmbear 20 . Cnrvisd 
contact surface 38, wHdi is provided on a top smfeoe of 
ttitnnbiaece 28, engages die &urnb of a -user opcraJiiiig 

55 hand-held inteifece' control 10 (FIGS.-2, 3A and 3B). 

Shaft 40 (EIGS. 2, 3A) has a first end flsabiy monnted to 
a bottota sntfacB of tfaumbinece 2S and a second end sEdably 
disposed within second sensor 42. Second sensor 42, which 
is disposed -vrffbin arm member 20, detects fee linear move- 

60 3nuent of shaft 40 <and tims the linear movement of tliinrib- 
piece 28) relative to sensor 42 and gencacates second posi- 
tioning signals indicative of the posifioD of fhansbpiece 28 
relatrre to arm member 30. 

Second sensor 42 is preferably a Unear resistive potenti- 

65 ometer. If axotasy potentiometear is used as second sensor ■'52, 
thnmbpiece 2S may be coupled to the potentiometesr by a 
conventional rack and pinion gear. It is to be understood, 
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hovirevsr) that aay attia: SCTSing device enable of dstecting 
eiSiermotion or pressure may bs nsed asi fiistsenscr 26 and 
. Eeraad sensor 42 in. interface control 10. Although first 
sensor 26 and seojnd sensor 42, prefeiably prodace amiog 
podiiomng signals, interfece control ID may abo engjloy 5 
sensors wMdh produce d^ital positioning ^niOs. 

Athicd sensor 44 (ErG-3A) is secnred to abottom snilace 
of anamemba 20 so aat tbird sensor 44 nKfves -with arm 
msntoer 20 about point 32 (KG. 2). Ji. bottom snifece of 
-1Mcdsensor44isiacon1actvrt&andsiliJles^ong(T*enann 
member 20 pivots abontpoint22)atcp surface of baseplate 
14 CEIG. 3A). "When auses: exeats a dowiiwanlprrasore v^n 
flnnnfapiece 28, ffaird senstM: 44 engages ijase plate 14 and !b 
response feereto geneaates a trigger control agnaL Thiid 
sensar44 maybe any conventionalpressure sensitive device " 
■wMdi converts a pressnre into an eltictdc signaL 3n one 
enibodimBHt.tlBrdscnsar44feaimcroEwitxiiofweittfaiowii ■ 
design. 

A user cradles hand-held inteaf ace control 10 in the pafan 
of iris or her hand, positioning Ms fingers along fbe under- 
side of bottom pite 14 and lesting Ids fhunib on curved 
coiUact' surface 38 af-fhtmilipicce-38, as showa in-KIG. 3. 
Usiag oniy Ms ttaanb, the user may control the horizontal 
andveracalpositioniiigof,foriiistancB,acuxsaronadisplay ^ 
sctBen, as well as rmplcmeat vaiioas itiated fancfioBS (such 
as selecting options frcan. a pUIl-down menu). 

The hodzontal positioning of tfaecm'sorismajiiputetedby 
pivofing aim member 20 about pcant 22, wbcxeby arm 
member 20 traces an arcuate pafii as indicated by arrows 
7Sa^ 2Sb (REG. 2). First Sensor 26, in response to the artaate 
motion of aim menibar 20, geueratiss a iirst positioning 
pignal which controls the htmzontal posafloning of a airsd: 
on adisplay seceen indicative of the angular posiHon of arm 
member 20. Par insrtaice, to move caarsor to the right on 
the display soeen, the thtnrib (resting in thumbiaece 28) is 
used to move amimraiber 20 in an arcoate path to the right, 
as indicated by arrow 2Sa. 

ErffferaHy, arm member a> is of a leo^ (jnessnred 
between portions 16a and l€b of side wall 16) ^E>pn>xi- 40 
3Daately equal to that of the user' s •flxninb so ftiat -when a user 
. places the th«iinb on contact saiface 38 of fbtmtibpkxe 38, 
the user' s large thumb jtant is immediately above prant 22. 
The leng& c£ annmember 20 be of varying lengths so 
astoaccommodatedififerentsi2e}iaiMis.AsdiscassedaboVB, 45 
arm menifaer 20, pivoting about point 22, traveis in an 
arcoate path between sdewalls 16c^ '.l€b of interface control 
10. TQiis arcuate pa& emulates Ihe natural motion of the 
aomb as it javots about the large tomab joint, tiiereby 
xesnltLug in a natural and ergonomic relationship between 50 

&amb and aim mcmbes: 20. Hence, iatacfacc control 10 
uses the natural arcuate motion of a. user's tfaunab to effect 
linear changes in the hcri2ontal pojitioiung of a cursor on 
1he display screen. 

The vertical positioning of tire laarsor is controlled by 55 
siidnigthninbpleceaS along thelenj^h of annmember 20 as 
iadicatsd by arrows 32a, 32b (EtG. 2). Second sensor 42 
detects the linear movement of fhumlqBiece 28 and, in 
responseihGceto, generates secondpositioning signals whic±! 
conted the vertical positioning of this atrsat For instance, to 60 
move the cursor up or down on a displ^ scresai, the user 
simply uses his or hec •fihamb to move thumbpiece 28 away 
from or towards point 22. This movcraent is easily achieved 
by extending or curling the thumb. Note that by positioning 
the iiugers on Ifae bottom side of base plate 14, the comlJined 65- 
movement of the fingers assist the Ihumfa in the curling and 
extending motions. 
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Higger fiinciitms are mrplranented Isy eseifing a down- . 
-ward presstire (using Ibe fiimnb) ijpoa tttumbptece 2S. ndrd 
sensor 44 Bsnses fiiis downward jaressme and, ia response 
thereto, generates a trigger control si^aL Depending upon 
5 the particQlar ajpliration with which interface control 1ft is 
bdng used, this tci^gea; control signal ma.y inclement a 
-variety of flinctions. For instance, in couqiatcr software or 
inttaactive systans, fids trigger control may sdecS: items 
firran a ntenn. When used with a -video game, foe exas^ie, 
10 this tpgger caotrol may cause a diaracter to jfunp- 

The downwaod jpressme exested bjr fee tonoab to inqjle- 
ment a tdgger control s^al is liwsys orthogonal b> flie 
thnmb motions osed to control hodzontal and wfical 
positioning, legardless of the angular position of annnwin- 
^ bK 2ft or the linearpositfon of ttnimtiaece 28. TMs orfeogo- 
~ nal idatioadjq> diminates tmdssirahle inlKcaction between 
tiie tri^ei conttdi and fee positioning controls and tbns 
prevents onrsor caxej). "A user, wheji esa&^ a downward 
pressors on thnmbpiecE 38, is n<A likely to inadvertenfiy 
20 pivot or esEtend/cwrl the finunb (wbidi woold cause a tdiange 
in the positionji^ of the cursor). Thus, by isolaiing the 
trigger and posifiomj^ controls, as described aboppe, .inter- 
face-control Ifrptovides^dvantages ovBr-coBvesnfional jtjy- 
stick oontrollers vMtix suffer fcom cursor creep problenjE. 
^ ELG. 6 shows another emboditnirait of the present ismeth- 
tion. Interface controL5ft,&e qpraaHoO'Qf-whichis.idsxtiBaL 
to &at of intetface-coHtDl 16, indndes^al •flie-conEy>OBente 
<rf jnterface control 1ft phis additional featntes described 
below. ImtQcfacB control 5ft indndes two groops of cavities 
^° S2a, 32b, and 52c and S4<^ 54b, and 54c foamed in fee 
bottom surface of base plate 14. "When a user cradles 
intacfece control S9 in the left hand, fee tips of the three 
SOsgers closest to &e thumb may ctaufoit^y rest wrttdn 
associated cavifSes 52£!-S2e. Eadi of cavities S2a, 52Jt, and 
^ 52c has an associated svrftdi S6a, S6b, 56e, respedively, 
d^osed thordn so that each of the user's iingcxs loay 
acfivate one of associated switches S6a, S6b, 56c while 
holding intcrfece control 50. Swittaies 56a, S€b, Sfac, when 
depressed by fije user's fin^ tips, geneaate second third, 
*° and fourth tnggesr control signals, reapectivBly, fox in?ile- 
menting addidonal jsedcteaanined functions. 

Xb a mmilar manner, aright-banded user may place one of 
the three flngcars dosest to the aumb (of the right hand) in 
each of caivitics 54<^ 54fe, and 54c to qiKate assodated 
switches SSa, 58fe, S8c, Whit*, lilse swifcdies 56:^ SSb, 56c 
generate second, third, and f ourtii trigger control signals, 
respectiveiy, for iorplemejifittg various predetemtiofidfunc- 

50 E additional contrtfl agnais are desired fe ingjleroentiQg 
even morcpredetaminedfattctions, control drcnitry maybe 
edited so that the simuhaneous d^iression of t^ of mors 
swltdies S€a, S&)/S€c (as: S8a, 58&, SSc for li^t-haadcd 
users) generate these additional control signals. For instence, 

55 simultaneously depKrssing switches S6a and S&b (for Irft- 
hand cperation) cjt 5Sa and S8& (for right-hand opeacation) 
may genesiate a fifth td^er control signal. 

FIG. 7 is an end view of another embodiment in accor- 
dance with the piesentinventton. Interface contrcd 60, which 

60 operates in a maniiH- identical to int^ace control l*(FtGS. 
2, 3A, SB, 4, and 5), includes a pharality of Sist detents 61 
formed on the top surface of base plate 14. One second 
detent 62 is provided on the faottcm surface of arm. member 
30 socfa that as armmentber 2ft pivots about point 22 (not 

65 Shown), second detent 62 moivcs between pairs of Jfae 
plurality cf first detents 61. Arm member 20 may pieierably 
come toiBSt only at those positions where second detent 62 
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is positioaea between a |>air of first- detents 61, thereby 
provldiBg ana nKHober 20 ■wifli a discrete mnnber of dack 
steps. These disk, stops jnay add incuBased stainlity and 
control to flie positioHii^ controls of intctfaee conlcol 60. 

The embodiments in accordance wife fee present inv«i- 5 
lion are advantageous over conventional Joysfidk contrrf.- 
iers. Indeed, istoc^e ccsitralE 10 and SO aie suitable fcs 
one-handed cpeiation, thereby leaving the user's oliiex hand 
&ce to perform other iaste. lliis one-handed opcr^on also 
elimi nates fiie need f eg afet surface, as required when csjag 
& mouse or opsratiug convMiaonal jc^fstick: intecfece con- 
trols with; one hand. 

Usii^ fee Ihtnnb to cwrtrol ptKitioning ftinctiojK conJdb- 
rstex to the snpeodor ergoncmics of inteafet^ controls 10 and 
SC. As msntioned above, couveiitional jojrstidi: coHtoUers [5 
reqairevarioHS«OTihiiiationsofTCiistandaniiTOOvemcntsto ' 
control tlie positioning. of a cocsor and additional finger w 
thumb motioins to control trigger Sanctions. Such tinnataral 
combiiiatiojis of ntotiom aeces^tate training and practice in 
order 3te a nser to faeconffipro&eienL This is especially true jj, 
as the size c£ such a contrctl is ledaced. UoHloe conventional 
controllers, enfeo&nents in accordance ysi& fte present 
invetrtiott (1) isolate the hoiizontai and veriiraal positiotuttg 
fanctions from eadi other and (2) isolate the podiiaiiiDS 
functions ftraa tiie trigger foncfions -while sinudtaneoasiy 25 
allowing both fnactions to be controlled by a siiagle aser 
contat4point.Theresiatisa3iiiitecfec&control-wbich allows 
tisers to issae-vrrfi ral and hcrizcmtal positioning conamnds 
in conceit far smooth- and precise motions .aliHjg..befth. axes 
(ic, a diagonal mofion), as well as Smplemeatit^ isigger 3Q 
foiictianB without inadvHtentiy altering those positionittg 
couanands, Borfiics:, tiie intsifece contnds described hctEin 
attow users to control bofti posiiioning and trigger contrej 
functions with sinaple, intoiixve tSttohb motioas. 

When a user traces Mb or her thtnnbadtoss ■file tq>s of fee 35 
jEingers, every jomt in his or her hand moves in concert to 
facilitate the flnm&fs motion. This ORXised positiott of a 
user's thnmb relative to his or her fin^ and pahn is 
utilized by interface controls 10 and 5ft to achieve a com^ 
fjHtable and natnial intarface between fee iBer and a 40 
jnachine {such as a coEDpnter). Indeed, by posffioning a 
Hser's fingers along the bottom surface of base plate 14 and 
his or hear thumb in tlMnnbiHece 28, interface controls 10 and 
50 cpcrats in a manner ctmsistffltit wiEh. &e thnmb's natural 
motions. By t^dng advantage of &e ttiiunb's fpE arcoatc 45 
JDotion about flie lai^ thumb joint and the finnnb' s excellent I 
linear motlan, interface controls in accordance wSh Ifae 
prraent invcnticm allow a user to quidk3y and eaaly position 
a cursor or ptdater on a display screen. The siqwaor cigo- 
norhics of the above interface controls afford asess a high s> 
de^e of paxtasion and dBdcsncy wi&oot the estsnsive 
practi«! and tmining iwpnred of conventional joystick con- 
Irolkis. This accuracy and case of use maics the pt«ent 
intraface controls especiaDy weE suited for CAD or any 
othcat cQng)atca: iliustrafion systaoas. 55 

Ihiefricttonal coupling between dements of fiae prrfmsd 
knbodimeats may be manipulated to adjust the "feel" of 
interface controls 10 and 50. For iiustance, contact snrfece 38 
(PIGS, 4 and -8) of fbumbpiecB 28 may be shaped Wife 
respect to the top sorfaces of sldewalls 20a, 2i0b so that the 60 
sides of a nsor's flitnnb are in Mctloaal contact with side- 
walls 2Sia, 20&. This firiciional contact may increase the 
stability with which thoihbjaets 28 slides along arm mem- 
bar 20, thereby increasing the acarracy of vertical position- 
ing of a cursor. gs 

In a similar mannEr, the Mctional conpiing between fMrd 
sensor 44 (PLG. 3A) and the top smf ace of base plate 14 of 
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tonsing 12 msor be adjusted to incwsase tbe accaraty of fi»e 
'hodzoBtal positioidiig conliDl of inteiface conltois 10 and 
50. For example, a stop of Teflon material (not ^owu) inay 
be provided betwcai Hard sensor 44 and bottom plate 14 to 
5 adricve a desirable "sUkf Ssd whSE a use: pivols aim 
memba- 20 about point 22 (EIG. 4). The TbfiOB causes diag 
to progressively increase as thunibpicce 28 is depressed, 
TiVi&oiit any significant inctease in staiicMctton. This result- 
ant increase in drag contiibatBS to an increased stability in 
perfoomng drag-select operations in which flie tdgger 
switch is depressed widie tiie corsor is moved fcom a first 
position to a second position (as in M^lighting text in word 
" processing programs). 

FIG. 8 ^ows anolfaar embodimentin atxordance "with the 
jj present urvention.lnfcafa«»«mtrt4 65 imindesarmittejnl>er 
29 sHdably disposed on conventional carved guide tracks 
64a, 64b vaSda st^iport €7. Tracks €4a, *4i> dcifine an 
arcuate pafti having as it| center virtnal ptvotpoint 66. Ann. 
memb^ 29 sSdss along tins arcuate path as jm£cated by 
20 arrows 2Sa, 2Sb as if arm member ^ were pivoting about 
virtual pivot point 66. Disposing aim member ^ wfiiBn 
tracks 64a, 64&in tins manner eliminates the need for arm 
member Z9 to be coiipled to a fixed pivot point, as is arm 
member 2» of intojface control 10 (HDGS. S, 3A, 36,4, and 
2j S), and -ttierdc ore allows for interface control 65 to be of a 
signi&canfly snaallar size. Thumbplece 28 is slidaMy dis- 
posed witMn aim msniber 29 and slides altmg the length of 
atmOTjembea: 3& as indicated by amws 32c^ 32b. 
ThB posUioniag and trigger ihmcfiotts- of intscEace voJsiscS. 
3Q €5 are controlled in a manner identical to those cf interface 
conteol 10 as descsibed above <see EEGS. 2, 3iA, 3B, 4, and 
5) and wiE finis not be described here, inteafece contooi €5 
possesses all of the advantages discussed above with respect 
to intoiace control 10, indading allowing itscxs to control 
35 the opeiation of applications wifii siniple and intuitive 
motions that dosdly- emuOatB &e natnral motions of the 
hnmanthmnbandisolatesposiaoniagcontrols (1) from each 
ottcer amd (2) frtmi tn^cr craitrols as described above. 
Liktswise, interface control 65 nmy be also be-piovided with 
40 the fiictioa craipling andfeedfaackf catures dcscdbed aboye. 
The eanbodiments descnObed above msy be nsed in virto- 
ally any appKcation wMch lequires an intetfece control 
between a user and a machine. Embodimsats in accordance 
•mSi file present invetotion may be nsed to costrol toe 
45 opa:alion of a constrnction crane or boom- Interface controls 
10 and Sft are ideal for x^ladng the mouse or tracMball in 
congsntra- software ^i^cations suet as word processing, 
databases, and spre^sheets. For instance, intcaface control 
SO of FIG. 6 (see also FIGS. 2, 3EA, 3B, 4, and 5) is well 
so suited for use wifli video games. As described above, 
fhumbpiecE 2S may be used to coidrot the poationiitg of a 
cbaractHT in the video game. By depressing timmbpiece 28 
so as to activate iWrd sensor 44, the user may in^plenient: 
various predatemrined fanclions, sudi as steirting/stqpping 
55 the game and selecting game options. Switch 56a (SSo for 
right-handed usees) may, ftor instance, cause the character to 
junf). Switdi S6b (S86) may cause the charactar to fire a 
bullet, jmd so on. 
Embodiments of the present invention may also be incor- 
60 porated into conveational two-handed video game conliol- 
lecB (see EIG, 1) to provide a supedor video game intsaface 
coBtcoL Fcsc example, positioning control ieys 2a, 2b, 2c, 
and 2d (FIG. 1) may be replaced by interface control 10, as 
illustrated inidG. 5. Two-handed video game controlIarPO 
65 has disposed wifliin a jBist portion thereof a pension of 
interface control 10 of KEGS. 2, 3A, 3B, and 4. For pngjoses 
of daiity, not all of the components of interface control Id 
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are labeEed. Ann mcnabja: 20 and tlmmbpiece 2S control the 
ppsMoiriBg of ohgects ^e., characters of a video jgame) 
displayed on a screea in the same maimer as descnbed 
previtjusly wifii lefeience to EtGS. 2, 3A, -SB, and 4, widle 
kBys 4q, 4b, and 4c M^lenient variotjs triijsger fonctions. 5 

The aboYs described inteiface controls inay be nioTOted 
m vixtuaBy any endosuie, ind.ading (but not Bunted, to) 
contrtd pands, aatamobile dashboards, stearing wheels, er 
btodgdps cf ofiia: interfece coHtrols, Fas: instance, in one 
sudi emfaodimsnt, base plate 14 (FIG. 2) loay be tfisposed lo 
wiffain the handgrip portion of a floor-moanted lever arm 
control, i.c., a teansmisaon selector in a vdtdcie, to |Hrcf?ide 
users -witJi a sxtpedor anBans to control sndi tirings as flie 
vdncle's natation system or- cosnnuiiiications mfh ^e 
veiadfi's on-board conqwiter system. 15 

■Ja another embbdinseat, iiiteiface controls in accordance 
■witii ttie present inventfon may be disposed within a control 
panel sudi as tiie dashboard of an atfejmobile, boat, ox even 
an airpiaiie to provide control over cotain (q>ccaiioiis. For 
exannfejiiiteifecscoatHfllOmaybeinouiitediEfheTO^ ^ 
panel of constraction eqnfpraent to control the qparation of 
a boom-or cranes A eontrcS. panel-momited iiBtedkce-oontrol 
10 could also be used to manuaUy control, for instance, the 
jKroceasdng operations of an indnstrial appiication or the 
posifioning and firing of lasers in medital applications. ^ 
These anbodiments, libe those discnssed-aljovc, arc advanr 
tageoos since mnltiple control fimctLons (1) are disposed on 
a sin^e contact snrface and ^) are isolated feom one 
another. 

S ome of the a^onomic advantages discussed bssdat may ^ 
be camprcHnised in order to provide a nser mteaface control 
c^aMe of controlling positioning in three, ja&er than two, 
direcSons. In one such enQfaodinsjeBtin accordance with &e 
present invention, various dements erf inteofece control 2« 
may be incorporated into ■&& handgrip of a co3rventional 
fan-size joystick: to provide toee-dimensiainal posititinii^ 
control as well as trigger Auctions. 

EKi. 1« shows interface control 76 inoLading gimballed 
stick 72 having fannsd at one end an inclined, elongated ^ 
uppra- portion 74. Fartned wilfain top sarfiice 76 of upper 
portion 74 is secondary intraface control 80 ■«tiich inciudes 
aE fee featnres of and operates in a sincrilar manner to 
intsafece control 18 (ETEGS. 2, 3A, 3B, and 4). Secondary 
inteafaee control SO jprefeiabiy has ainmbiaecB 28 ftsahly 
mounted wifliia arm msmher 36 so that liiatnipiefx 28 may 
jiot slide along aimmeinber^,feereby eSinnpating fee need 
for second sensor 42 as weJl as grooves 34ix, 34& and flanges 
35a. 36b (EEG. 4). The other aid of stick 72 (Ha 10) is 
ptvotaEy mounted to a base portLon (not shown) having „ 
sensors which geneaate first and second portioning signals 
ia response to stick 72 pivofing with resi)ect to the base 
portioE, as discussed, above in reference to conventional 
jaysfidc conttoHers. 

AnsercadsthefonrfingsrsofMscrher hand aroand stick 55 
72 and places tlie jffainob in Qannbiaece 2Si (E3G. Ifl). The 
user controls the hotizoatal and vertical poslttoning of, for 
iostance, a cnrsor displayed on a CRT in a conventiDnal 
manner as described above, i.e., bypivofmg stick; 72 about 
the base parfiLoa. The user controls the depth posifcioidiig of go 
the cursor with -aie thumb by pivoting arm niesmba- 20 about 
pivot point 22 (see EIG. 2). Tdggar fmcttons are activated 
hy pressmg downward on fhmnbpiece 2S (as discussed in 
igfacence to intstfaces control 10). 

Various forms of feedback may be add<jd to She above 65 
described embodimeiits to provide a usar with additional 
information about the particular application he or she is 
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controffing, as descdbedbdow inieteencsloHGS. H and 
12 For instance, zxm mfiinbcr 26 of iutecfece control 10 
(FEBS 2, 3A, 3B, and 4) may bo fitted wflb a fcst actuator 
' Qiat in response to a fist feedback al^ial prevents aim 
5 member 20 fiomiotfccr pivoting in one rar both toecbons 
OL in Ifae alternative, aUcts &e ftictional contact between 
anamember 20 and baseplate 14so as to alterliie ease wifli 
whidi arm. member 2(0 pivots. ' 
Ref ening to FIG. 11, interface control 80, the operaiion of 
,n wliidi is identical tothattrfintEscfece control 10,indades all 
of Ifae cKxtiswneaits of interface control 1» pias addition^ 
f eamres described below. Far purposes oE clariQr, not all of 
the components of interface control 80 common -svifli tiiose 
of interface control iO are shown. Ann mcanbar 7» of 
ic intsifacecontrolSO has couplBdfeffletodectronmgnettc coil 
S2 vaiadu, in torn, is woimd aroand a conventional ferrous 
.. cQieCnot shown). Shaft 84 extends along arm membta: ^ 
andhas ajBrsteadmaiingly coapledtosB3facB86of sidewaE 
m A second end of shaft 84 extends feroagh ccal^ and 
^ is coupled to iron armature 88. AromtmrB 88 is prefer^ 
positoned as close to coil 82 as possible. VThen a first 
feedback emxcnt is provided to coil 82, the lesrdtant mag- 
netic field uroducedby coil S2 attracts armature 88 wwa^ 
coil 82/lhereby caasmg the first taid of shaft 84 to ^ 
,5 towards and press against sur&ce 86 of adewatt 16b. The 
lesifltant incaxatse in fricticmal coupUng between arm msm- 
bex 20 and^Hewdl 1^ resists argr pivofing movement ot 
armmsmber20 abontpointZl. In o&sar words, coltfi2,-Ehaft 
84, and annatnre 88 act as a magnetically activated brake, 
so Vaiyinglevids.offeedbac±:cnirentwinrosaltinpiop«tion- 
ally Tarying levels of drag. This hrate may be iiEpplcmented 
to simulate detents, stops, or other f fflms of refiectivc 
feedback. ■ 
In a smilar manner, a second actnator may be jsovided. 
35 that in response to a second feedbadc signal inMbits flie 
movement of timmfafBece 28 along arm membcar 20, as 
illustrated in FKj. 12. Arm mranber 20 has jsovided. *.crEm 
a sliding bar 9« having a iirst end coopled to tomhpiece 28. 
Iron core 92, is coupled to ami nusrobe: 20 and is positioaied 
40 in a re^on prosdmate to a second end trfbar SW. Magnetic, 
coil 94 is -wound aronndf enons core 52. A second feedbact 
cnnrent provided to wnl 94 "srfn indace a magnetic attraction 
betwetsn bar 90 and agamst cere 92, hereby resnUing m an. 
increased Mcfional coapHng between bar 90 and ware KJ. 
J5 Hiis increased fticlioiial coupling resists the sHding ruotian 
^ w «™ ■r^^rnhi-r 'fn Vintet Hiat jn some 



of tinmibpiece 2S along ana memwar .cu. jndic uiiu. ^ av,^ 
einbodbaents shaft 4© (FIG. 3A) (not shown in HG. 12. for 
singilici^) m^ also serve tite same function as bar 90 m 
addiaonto bang part of the longiludinal sensing structure or 



3 armmemocr m9. 

The embodiments desaibed above and aiusttated iii 
PE3S. XL and 12 would, for instance, be esperially -weilL 
suited for use -wifc appHcationB in -which it is desirable to 
prechjde a nsta: feom seeding certain options or movmg ii 

5 curscr into certain areas. In a video game application, far 
instance, te- game's tSiaiajcter may be prednded firom 
entering arestdcted area of the displayed image. The video 
game may issne feedback signals as discussed above to 
prechide-ae user from canstog the character to movemto the 

50 resiiicted areas. Thus, tiie feedback signals, fay lestraimng cr 
even preventing (1) arm memba: 20 from pivotiiig about 
point 22 and/or (2) &tmabpiece 28 &om fihding along arm 
membea: 20 dhrecay inform the user he can no_ longer moMe 
in that direction, in a siiniiar manBer, an ad^fional actaatra: 

55 may he contained wifein third sensor 44 ^see BIG- 3A) to 
preclude activation of trigger functions at certain predeter- 
mined character posittons. UnEkc conventional inteifa<» 
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ccmtix>lfeeeJbaEk:systEEnasis*i(A use flashing Hghts orsousttds 
to warn iiseas of an. in^rcjier selection or inovenncnt, the 
direct fOTce-ieflectu^ feedback descnbed above, by pr&- 
vsating ttie nsei jErom effecting certain pasitioidiig 
conmmds,picmdesarealiKticfee3.to^deogamBsandoaiei s 
applicaiiojas. 

Ja aSter ^fipiicadions, interface control SO (WG. U) .may 
be used to fadlitate the sdeetion of options or icons. Aj: the 
nsci moves the curscar « poiater ever an icon displayed on 
a screen, f eedbadc signals generated fay tiie agpEcatiDn may 1° 
simnlate a detent increasing &e fiicttonal coi^fiHng 
between aim member 20 and sidewall l€b and bas?cen 
fhnmbpieceas and. arm member 20, as described above witti 
reference to FIBS^ XL and 13, when the cmsor -or pointsr is 
,pofiitioaed near or ovedi^is certain icons disj4ayed on fee ^ 
sctecai. This simniated detent varies the amotuitof f orcss &c 
nser most exat to effect for&iK pcgitjoning dianges in 
c«tain dkections, Lp., the detent naay eithei make it aisifs 
or hardei for the user to cause the caisra: to pass across &e 
icon. la. this manner, die user can '^eei" -when be or rfiis has 20 
readied a parfictiiar icon (or any other sperffic seieen 
location). This simiilated detent may be deactivated when, 
for-iBBtance, the icon has been selecfced-or v*eti flie cairsar 
has passed over the icon. 

The actuators dfecussed above may ccanprise a solandd, ^ 
a SKTonKstar, rar ssj oflier smtaUe device inown in iti& ait 
wHdr generates a force in teqjonse to electric signals. Ihe 
actuators may also cicploy shape-memcay aEoys, jaiezo 
ccaamics, or dectro-iheological con^ioimds. Fuither, motor- 
^?ps actnatois may be cnqsloyed to zagvnmi <s rejstndn 
mc^ion. 

In other embodimaits, the actaatcrs ^scussed abovss may" 
nsed to activate and deadivate eSectricaDy conbcdlled diaents 
so as to provide tacSle dick steps in liic pivoting motion of 
ann. member 2f> <FIG. 2) abont point 22 or in fee Tiinear 
motion of fimjcribpiece 2^ along arm meanber 20. llliese 
detents may be logically coixeiated -wiai sjpccafic targists «: 
options on a display screcaa. such that ones a parfioolar option 
is sdccted, its cairesponding detent is electricalty deacti- ^ 
vated. Adaptive feedback of this type can be very efftstrfive 
in making ttis above-described contrcis marc iatoitive. 

Embodiments of the present invention may also be 
eqo^ped •with a s^ng xetnm mechanisra "WiliE reference to 
interface control 1& (EE3. 2), a centEriag spring may be 45 
coupled to aimmen&ear 20 wHch causes armmember 20 to 
retom to its center posifion whenever aim member 2S0 has 
deviated from the center position, by rasearfing pressrae on 
arm meaabet 20. A mannaHy contrblied latdi may albso be 
provided -winch engages the centcribag spdng to and liisen- 50 
^^es fee centering ^aingfrom arm member 20 so aslotum 
on and off liie centadng mecAianism-. Soch a oenteting 
muschanism is usefol in applications lecpiiing popoi-tional 
control (l.e., a conventional jcysfick) laflies: than absolute 
control Cl-b-, a moiise). The centmi^ gsring may also be 55 
, electrically actuated by an cjctemd signal from the inter- 
faced device (i.e„-con5Jntei, video gams, and so on). Indn- 
sion of sudi an electrically actaated spring i&m/s the 
interfaced device to witdi the controller be:tweeii two 
modes of opcxation (spring ceuteaing and non-centeaag), as go 
file particular application may lequire. In a similar manaesr, 
an ad^tional centering spring may be coupled to ttimnb- 
piece 28 to jpovide parcportional control ia the -vartical 
diiection. 

While particular embodiments of the jaesent invention 65 
have been shown and described, it wiU be obvious to those 
skilled in the art that changes and modifications may be 
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made ■wiatout departing ftrata Qns invention in its broader 
aspects aad, toerefoic the appended daiias are to encom- 
pass wifiim ttieir sccpe all snch changes andmodiilcatioiis as 
faE -wiftte tiiB true spirit and scope of Qm invention, 

v^.AnisparafisfargeneiatingatleRSttwo control signals, 



said a] 
a sappcsrt', 

an aim mesodKar disposed witJnn said snppott, said arm 
o ineird3erb«i:^n»veableinaaarcaiatepa&wit^ 
■ support; 



said contact meniber faeiag slidable saong said arm 
ff cottpled to said aiia mensbsc f 



1 second staisor coapied to said contact meniber for 
sensmgJinea: movement cf said contactmemba: along 



a. The appaiatas of daim 1 further congaising: 
first guide means disposed along said arm membo:; and 
second guide means disposed on said ctmlact naBmbei, 
sffltd second guide means malingly wHipled -wia said 
' first gaide means so as to f adBtate the movement of 
said contact menrbtar sdong said arm. meanbet 
3. The apparatns of dajm2 wherein saidfirst guide means 
coniSHise-fest and second grooves hta±Eontany disposed in 
first and second side walls, lespeciiveay, of said arm' 
° member, said second gaide means coaqirising ftret and 
second flanges disposed on first and second side vfaBs of 



4. The spparatas ctf claim 1 whcreiii said 
lavotaUy conpicd to said support at a pivot point, sad 
imc in said aicnate tiafli as said arm*""" 



pivots about said pirvot pOTat 

5. The appaxatns of claim 1 fiirffaK: co rnpriang : 

a track meaas dtsposed wifHn said ssspatt, said Iracac 

meanB rfft-ftning said aicnate path; aad 
one cc more guide demaits disposed on an outer surfaas 
of said ana member, said one or mote gtdde elenKaate 
bcisg matingly coupled to said tratS: means fee f adH- 
tating the inavemant ctf said arm menibear in said 
,g arcuate pafe- 

6. The apparatus Cff e3aim. 1 wheiein said first sensor 
detecSs Ihe magnittide and direction of arcaate mo-veansnl of 
said arm member alcng said arcuate path and generates a 
first control dgDalittiespottse Iheis^o, 

7. The j^parattis of f^aim 1 "whsiein stiid second senstir 
deteds &e m^nitede and dirccfioa of linear mffveatifint of 
said contact member and generates a second conliol s^al 



8. The apparatas of dahn 1 fhrttiQ: comprising a -fiiiid 
sensor cotipled to saManiimBmbGr, saidfliirdsensocdfitect- 
ing a dowaward prsssnre on said contact membesr and m 
.response &ereto generating a signal for nnplsmsnthsg a first 



9. An ^aratus for generating at least two coitttoL signals, 



a-snppcjrt; 

an arm member having a first end portion pivotaHy 
coupled to said housing at a poiat, said arnj. xnember 
being lotalable about said point; 

a contact member sEdably moonted on said arm member, 
said contact member hdag sHdable along sidd arm 
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a. ffSt sensor conpled to said atm. member fear sensmg 
arcnate mwssasnt of said arm msmber; and 

a seccjnd seasoc cotgded to said contact anembei for 
scBsiiig Snesc moYemsBt (xf said contact mranbEx along 
said aim msEnbec: ^ 

1ft. Hie ai^aiatas of daim ? wierdn said, support is of a 
size snch that said apparatus is enable of being op»»ted 
wifii one hand of a person. 

11. "Hje apparatas of silaim J» wha^ said fest sens^ 
genesates a fet control signal tepresentiag fes angle and 1° 
dnrectton C3f lotation of said arm mieinbeif said jarst coHtrol 
signal bciag c^ahle of being ased to alter the position of a 
cursor or pointer in a fitst &eciion on a display' streeiL 

IZ The apparatus of daim 9 v^heisa said second senses 
gemaratesasecondcoDtroisignalrqjreseintiiigfeexnstgnitade IS 
and direction of linear movement of said contact lOEinber, 
said second control signal bdng «^abJ.e of being used to 
alfer the position of a oarsor or points: ia a second direction 
on a display screen. 

13. The apparams cf rfnim $ fnifiier' conjptisiiig a third 20 
sensor disposed on said arm membci, said third smisot 
dstocting a downward pressure on said contact membec 

14. The ^paratas of cdaka 13 ^faeiein said fiacd se&s<Br 
generates atijird contxoi signal indicatiTC of said downward 
pressHiE© -on said contact membra, said ttird conttoH signsl 25 
inopleinenting a first pcedeteronned fnnofeni. 

15. The appaiaais of daim 9 fatther ccnnprising a fest 
actoatcnr, "wbeceiit in zesponse to a first feedback signal said 
first actuator lesttains said rotation of said arm meanbsr. 

16. The appaxatHs of claim 35 wherdn said first actaatcc 3D 
is contaiDed'widmL said first seaisoc; 

17. Hie apparatus, of daim JS ftatfaer comjdsing a 
second actuator, •wherdn in response to a second feedback 
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- signal said second actnatoriKtrains the linearinovemeaittf 
said ann membet 

18. The agiparattis of daim 17 whecein said secojid 
actuator is contained wifhiit said second sensor. 

5 lATlieapparatnsof olaimSwheiemsaidccmtectmetnbEHr 
has a concave njpcr snrfece so that a. hnman thuinb 
matingly situate on said contact member. - 

20. The apparatus of daim J* wherein said arm membear 
has disposed thHcta one or more first guide msaits, said 

10 contact member having disposed Ihereon one or more seo- 
ond guide means, eadi of said first gcdde means being 
matingiy cotyoiBd mtfa an associated one of said second 
guide means fdr&dQjtating sliding of said contact member 
along said aim membec 

IS ZL Tfcie aiftaiaias of daim 20 wherein said first guide 
means conpdse first and second grooves honzontally dis- 
posedin first and second side walls,xespectrvely, of said arm 
menibcr, said second guide means conqiriBing first and 
seccHjd Sai^es disposed on jBist and second side "walls of 

20 said contact inHaibcr> reflectively. 

, 22. The apparatus of claim 9 wheran said hoastng has a 
bottom snrfoce, said a^^iaratas fin&ec canmriang: ' 




one cr more switch^, eadi of said switdies b«ng asso- 
cialed wifli and coupled to an assodated obb of said 
cavities. 



23. The apparatus of daina 22 wherein saH switsihes 
eonpase pressare sensitive devices, tiie actuation cf wHch 
generates one or more fourth control signals for iiiKpIaaent- 
ing one ts- mare second predetermined functions. 



A handheld force feedback device coupled to a computer for providing 
positioning signals to said computer for positioning a cursor displayed on a displav 
device, said device comprising: 

a support housing able to be held by a hand of a user; 

a user manipulatable member engageable and moveable by a thumb of said 
user in tv^^o dimensions relative to said support housing while said support housing is 
held by said hand of said user, wherein said movement in said two dimensions 
positions said cursor in two screen dimensions on said displav device; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two dimensions, said sensor 
providing positioning signals which control said positioning of said cursor on said 
display device: 

at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in at least one of said dimensions of said user manipulatable 
member, wherein said force facihtates the selection of options or icons displayed on 
said display device based on feedback signals generated by an application running on 
said computer; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
command including moving said user manipulatable member approximately 
orthogonally to said two dimensions. 



25. A force feedback device as recited in claim 24 wherein said two 
dimensions are provided substantially in a single plane. 

26. A force feedback device as recited in claim 25 v^herein said motion of 
said user manipulatable member is orthogonal to a plane defined by said planar 
dimensions. 

27. A force feedback device as recited in claim 24 wherein said at least one 
actuator is a first actuator, and further comprising a second actuator coupled to said 
user manipulatable member, wherein said second actuator provides a force in the 
other of said dimensions of said user manipulatable member. 



28. A force feedback device as recited in claim 24 wherein said user 
manipulatable member is coupled to an arm member having rotary motion about a 
pivot point to provide motion in one of said two dimensions, v.^herein said actuator is 
coupled to said arm member to output forces about said pivot point. 

29. A force feedback device as recited in claim 28 wherein said rotary motion 
of said arm member is limited to an arcuate path of less than ninety degrees. 

30. A force feedback control device as recited in claim 28 further comprising 
a second actuator, and wherein said first actuator is grounded to said housing and 
wherein said second actuator is carried bv said arm member. 

31. A force feedback device as recited in claim 28 wherein said user 
manipulatable member is a sliding contact member which can be moved in a linear 
dimension approximately perpendicular to an axis of rotation of said arm member and 
in substantially the same plane as said rotary motion, thereby providing said motion in 
one of said two dimensions. 

32. A force feedback device as recited in claim 24 wherein said cursor can be 
positioned and displayed icons or options can be selected by a single hand of said 
user. 

33. A force feedback device as recited in claim 24 wherein said at least one 
actuator is one of a motor, a brake, and a solenoid. 

34. A force feedback device as recited in claim 24 wherein said user 
manipulatable member is coupled to a centering spring return that causes a bias on 
said user manipulatable member to return to a center position after it has been moved 
from said center position. 

35. A force feedback device as recited in claim 24 wherein a centering spring 
bias on said user manipulatable member may be electrically actuated by a signal 
received from said computer, allowing said force feedback device to have a centering 
mode and a non-centering mode, selected by said computer. 

36. A force feedback device as recited in claim 24 wherein said cursor can be 
used to select an icon, wherein said trigger command selects said icon when said 
cursor is positioned over said icon. 

37. A force feedback device as recited in claim 36 wherein said at least one 
actuator outputs a force to augment or restrain motion of said cursor on said screen. 



38. A force feedback device as recited in claim 24 wherein said image is a 
video game character. 

39. A force feedback device as recited in claim 24 further comprising a 
trigger actuator for causing resistance to said motion of said trigger command by said 
user based on a feedback signal from said computer. 

40. A force feedback device as recited in claim 24 further comprising at least 
one additional control provided on said housing and operable by said user, wherein 
said additional control is operated by a different hand of said user than said hand 
operating said user manipulatable member. 

41. A method as recited in claim 24 wherein said at least one actuator outputs 
detents when said cursor overlaps or is positioned near an icon displayed on said 
screen. 

42. A method as recited in claim 41 wherein detents provide tactile click stops 
correlated with targets or options displayed on said screen. 

43. A method as recited in claim 42 wherein a detent correlated with a target 
or option is deactivated once said target or option is selected by said user using said 
force feedback device. 

44. A method as recited in claim 41 wherein said user selects said target or 
option by causing a trigger signal to be sent to said computer, said trigger signal 
caused by a pressing motion of said user manipulatable member. 

45. A method as recited in claim 41 wherein said detents are output for use in 
a word processor or spreadsheet program provided on said computer. 

J 46. A force feedback device coupled to a computer for providing positioning 
signals to said computer for manipulating an image displayed on a screen by said 
computer, said device comprising: 

a support housing: 

a user manipulatable member coupled to said housing and engageable and 
moveable by one or more digits of said user in two degrees of freedom relative to said 
housing, wherein at least one of said degrees of freedom is a rotary degree of freedom 
about an axis of rotation: 



at least one sensor coupled to said user manipulatabki member and sensing 
movement of said user manipulatable member in said two de i grees of freedom, said 
sensor providing positioning signals which control positioning of said image on said 
screen by said computer; 

at least one computer controlled brake coupled to said user manipulatable 
member, wherein said brake provides a drag in at least one of s;aid degrees of freedom 
of said user manipulatable member; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
conamand including a pressing motion by said digit causing s;aid user manipulatable 
member to move in a trigger degree of freedom different from said two degrees of 
freedom. 



47. A force feedback device as recited in claim 46 wherein said housing is 
able to be held and operated by a single hand of a user. 

48. A force feedback device as recited in claim 46 whierein the other of said 
two degrees of freedom is a Unear degree of freedom and wherein said rotary degree 
of freedom allows a pivoting motion of said digit of said user. 

49. A force feedback device as recited in claim 47 wherein said two degrees 
of freedom are approximately in the same plane. 

50. A force feedback device as recited in claim 46 wherein said at least one 
brake is a first brake providing a drag in a first of said two degrees of freedom, and 
further comprising a second computer controlled brake coupled to said user 
manipulatable member, wherein said second brake provides a drag in a second one of 
said degrees of freedom of said user manipulatable member. 

51. A force feedback device as recited in claim 50 wherein said user 
manipulatable member is coupled to an arm member having rotary motion about a 
pivot point, wherein said first brake is coupled to said arm member to output forces 
about said pivot point. 

52. A force feedback device as recited in claim 51 wherein said user 
manipulatable member is a shding member which can be moved along at least a 
portion of said arm member in a linear degree of freedom, and wherein said second 
brake outputs forces in said linear degree of freedom. 



53. A force feedback device as recited in claim 46 wherein said cursor can be 
used to select an icon displayed on said screen, wherein said trigger command selects 
said icon when said cursor is positioned over said icon. 

54. A force feedback device as recited in claim 46 wherein said brake outputs 
a force controlled by said computer to provide tactile clicks co [related with targets or 
options displayed on said screen. 

55. A force feedback device as recited in claim 46 wherein said device is 
provided in an automobile dashboard or automobile steering wtiieel. 

56. A force feedback device as recited in claim 46 wherein said at least one 
brake includes an electromagnetic coil. 

57. A force feedback device as recited in claim 46 wherein said at least one 
brake employs an electro-rheological compound. 

y 58. A method for providing positioning signals to a computer from a user for 
manipulating a displayed cursor on a screen and for providing force feedback to said 
user, said method comprising: 

providing a handheld force feedback device coupled to said computer, said 
handheld force feedback device including a thumb member engageable and moveable 
by a thumb of said user in two degrees of freedom while said device is held by said 
hand of said user: 

sensing movement of said thumb member in said two degrees of freedom 
using at least one motion sensor and providing positioning signals to said computer in 
accordance with said sensed movement, wherein said positioning signals are used by 
said host computer to move a cursor displayed on a screen in two dimensions of said 
screen: and 

providing a drag in said two degrees of freedom of said thumb member using 
at least one braking actuator coupled to said thumb member, wherein said drag 
facilitates selection of an icon or option displayed on said screen by said cursor. 



59. A method as recited in claim 58 further comprising detecting a trigger 
command from said user, said trigger command including a pressing motion of said 



thumb member, wherein said trigger command is sent to said computer to be used to 
select an option or icon displayed on said screen with said curso r. 

60. A method as recited in claim 58 wherein said two degrees of freedom are 
substantially in a single plane. 

61. A method as recited in claim 58 wherein one of saici degrees of freedom is 
a rotary degree of freedom and another of said degrees of freedom is a linear degree 
of freedom. 

62. A method as recited in claim 58 wherein said brakes output drag to hinder 
motion of a rotating member coupled to said thumb membeir and hinder a sliding 
motion of said thumb member. 



/63. A handheld force feedback device coupled to a computer for providing 
positioning signals to said computer for positioning a cursor displayed on a screen, 
said device comprising: 

a support housing; 

a user manipulatable member coupled to said housing and engageable and 
moveable by a digit of said user in two degrees of freedom relative to said housing 
while said housing is held by said hand of said user, wherein at least one of said 
degrees of freedom is a rotary degree of freedom about an axis of rotation; 

a spring return mechanism coupled to said user manipulatable member to 
provide a centering bias on said user manipulatable member toward a center position 
of said rotary degree of freedom when said user manipulatable member has been 
moved from said center position; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two degrees of freedom, said 
sensor providing positioning signals which control said positioning of said cursor on 
said screen; 

at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in one of said degrees of freedom of said user manipulatable 
member; and 



a trigger sensor for detecting a trigger command from said user, said trigger 
command including a pressing motion causing said user manipulatable member to 
move in a trigger degree of freedom different from said two degrees of freedom. 



64. A force feedback device as recited in claim 63 wherein said spring return 
mechanism is electrically actuated by an external signal received from said computer, 
allowing said spring return mechanism to be selectively applied in a centering mode 
and allowing said spring return mechanism to have no effect in a non-centering mode. 

65. A force feedback device as recited in claim 64 wherein said external 
signal is controlled by a video game running on said computer. 

66. A force feedback device as recited in claim 64 whe^rein said spring return 
mechanism is coupled to a pivotable arm member providing said rotary degree of 
freedom, and further comprising a centering spring coupled to said user manipulatable 
member to provide a centering bias in another of said two degrees of freedom. 

force feedback control provided in an automobile and coupled to an on- 
board vehicle computer system for providing input to said computer system, said 
control comprising: 

a user manipulatable member provided in an automobile dashboard, said 
member engageable and moveable by a digit of said user in two degrees of freedom 
relative to said dashboard, wherein at least one of said degrees of freedom is a rotary 
degree of freedom about an axis of rotation; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two degrees of freedom, said 
input to said computer system based on positioning signals pro^dded by said sensor; 

at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in one of said degrees of freedom of said user manipulatable 
member; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
command including a pressing motion causing said user manipulatable member to 
move in a trigger degree of freedom different from said two de^grees of freedom. 



68. A force feedback control as recited in claim 67 wherein said user 
manipulatable member is manipulated by said user to provide communication with 
said on-board computer system. 

69. A force feedback control as recited in claim 67 wherein said input to said 
computer system controls a vehicular navigation system. 

70. A force feedback control as recited in claim 67 wherein said two degrees 
of freedom of said user manipulatable member define a plane. 

71. A force feedback control as recited in claim 6'y' wherein said trigger 
degree of freedom is orthogonal to said plane. 

72. A force feedback control as recited in claim 67 wherein said actuator is a 

motor. 

73. A force feedback control as recited in claim 67 wherein said actuator is a 
passive brake. 
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The Honorable Commissioner of Patents and Trademarks 
Washington, D. C. 20231 



I, Craig F. Culver, state and declare the following: 



1. I am a citizen of the United States of America residing at 201 Ware Road, 
Woodside,CA 94062. 

2. The entire right, title and interest to U.S. Patent No. 5,666,138, issued 
September 9, 1997 is vested in Immersion Corp., a California corporation having a 
regular and established place of business at 2158 Paragon Dr., San Jose, CA 9513 1, 
except for an exclusive hcense back to Craig F. Culver for all products outside the 
force feedback field of use. 

3 . I verily believe myself to be the original, first, and sole inventor of the 
invention described and claimed in the above-identified United States Letters Patent 
and in the present application for reissue of the above-identified United States Letters 
Patent. 



4. I have reviewed and understand the contents of the attached specification 
and claims, including the new claims as presented in this application for reissue of the 
original Letters Patent. 

5. I acknowledge the duty to disclose information of which I am aware and 
which is material to the examination of this application for reissue of the original 
Letters Patent in accordance with 37 C.F.R. § 1.56, including information which was 
discovered between the filing date of United States Patent Application Serial No. 
08/343,300 that matured into the Letters Patent for which reissue is being sought and 
the filing date of this application for reissue. 

6. I verily believe that the original Letters Patent is partly or wholly inoperative 
or invalid by reason of my claiming more or less than I had a right to claim in the 
original Letters Patent, and that the errors described below which render said Letters 
Patent so partly or wholly inoperative or invalid occurred through inadvertence and/or 
omission without any fraudulent or deceptive intent on my part. 

7. More specifically, I believe that the original Letters Patent for which I seek 
reissue claims more or less than I had the right to claim for the following reasons: 

7.1. Column 4, lines 31-33, 45-47, 52-55, and 58-61 and several other columns 

of the original Letters Patent include what I believe to be an accurate and proper 
characterization of a force feedback device including several features, reproduced 
below: 

First sensor 26 ... is coupled to arm member 20 and senses the 
angular rotation of arm member 20 about point 22. . .Thumbpiece 28. . . 
is shdably mounted within cavity 30 of arm member 20 and may sUde 
along the length of arm member 20... Curved contact surface 38, 
which is provided on a top surface of thumbpiece 28, engages the 
thumb of a user operating hand-held interface control 10 (FIGS. 2, 3A, 
and 3B)... Second sensor 42, which is disposed within arm member 
20, detects the linear movement of shaft 40 (and thus the linear 
movement of thumbpiece 28) relative to sensor 42... When a user 
exerts a downward pressure upon thumbpiece 28, third sensor 44 
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engages base plate 14 and in response thereto generates a trigger 
control signal... 

A user cradles hand-held interface control 10 in the palm of his 
or her hand, positioning his fingers along the underside of bottom plate 
14 and resting his thumb on curved contact surface 38 of thumbpiece 
28, as shown in FIG. 5. Using only his thumb, the us(;r may control 
the horizontal and vertical positioning of, for instance, a cursor on a 
display screen, as well as implement various related functions (such as 
seleting options from a pull-down menu). . . 

The downward pressure exerted by the thumb to implement a 
trigger control signal is always orthogonal to the thumb motions used 
to control horizontal and vertical positioning, regardless of the angular 
position of arm member 20 or the hnear position of thumbpiece 28... 
Indeed, interface controls 10 and 50 are suitable for one-handed 
operation, thereby leaving the user's other hand free to perform other 
tasks... 

Interface controls 10 and 50 are ideal for replacing the mouse 
or trackball in computer software applications such as word 
processing, databases, and spreadsheets. For instance, interface 
control 50 of FIG. 6... is well suited for use with video games. As 
described above, thumbpiece 28 may be used to control the positioning 
of a character in the video game. . . 

Embodiments of the present invention may also be 
incorporated into conventional two-handed video game controllers (see 
FIG. 1) to provide a superior video game interface control. For 
example, positioning control keys 2a, 2b, 2c, and 2d CFIG. 1) may be 
replaced by interface control 10. . . 

Various forms of feedback may be added to the above 
described embodiments to provide a user with additional information 
about the particular application he or she is controlling, as described 
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below in reference to FIGS. 11 and 12. For instance, arm member 20 
of interface control 10 ... may be fitted with a first actuator that in 
response to a first feedback signal prevents arm member 20 from 
further pivoting in one or both directions or, in the alternative, alters 
the frictional contact between arm member 20 and base plate 14 so as 
to alter the ease with which arm member 20 pivots. . . 

Arm member 20 of interface control 80 has coupled thereto 
electromagnetic coil 82 which, in turn, is wound around a conventional 
ferrous core (not shown)... In other words, coil 82, shaft 84, and 
armature 88 act as a magnetically activated brake. Vajrying levels of 
feedback current will result in proportionally varying levels of drag. 
This brake may be implemented to simulate detents, stops, or other 
forms of reflective feedback. 

In a similar manner, a second actuator may be provided that in 
response to a second feedback signal inhibits the movement of 
thumbpiece 28 along arm member 20... The embodiments described 
above... would, for instance, be especially well suited for use with 
applications in which it is desirable to preclude a user from selecting 
certain options or moving a cursor into certain areas... Thus, the 
feedback signals, by restraining or even preventing (1) £irm member 20 
from pivoting about point 22 and/or (2) thumbpiece 2:8 from sliding 
along arm member 20 directly inform the user he can no longer move 
in that direction. In a similar manner, an additional actuator may be 
contained within third sensor 44 (see FIG. 3A) to preclude activation 
of trigger functions at certain predetermined character positions. . . 

In other applications, interface control 80 (FIG. 11) may be 
used to facilitate the selection of options or icons. As the user moves 
the cursor or pointer over an icon displayed on a screen, feedback 
signals generated by the application may simulate a detent by 
increasing the frictional coupMng between arm member 20 and 
sidewall 16b and between thumbpiece 28 and arm member 20, as 
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described above with reference to FIGS. 11 and 12, when the cursor or 
pointer is positioned near or overlaps certain icons displayed on the 
screen. This simulated detent varies the amount of force the user must 
exert to effect further positioning changes in certain directions, i.e., the 
detent may either make it easier or harder for the user to cause the 
cursor to pass across the icon. In this manner, the user can "feel" when 
he or she has reached a particular icon (or any other specific screen 
location). This simulated detent may be deactivated when, for 
instance, the icon has been selected or when the cursor has passed over 
the icon. 

The actuators discussed above may comprise a solenoid, a 
servomotor, or any other suitable device known in the art which 
generates a force in response to electric signals. The actuators may 
also employ shape-memory alloys, piezo ceramics, or electro- 
rheological compounds. Further, motor-type actuators may be 
employed to augment or restrain motion. 

In other embodiments, the actuators discussed above may used 
to activate and deactivate electrically controlled detents so as to 
provide tactile click stops in the pivoting motion of arm member 20 
(FIG. 2) about point 22 or in the linear motion of thumbpiece 28 along 
arm member 20. These detents may be logically correlated with 
specific targets or options on a display screen such that once a 
particular option is selected, its corresponding detent is electrically 
deactivated... 

7.2. The absence in the original Letters Patent of an independent claim in 

which a handheld force feedback device for providing positioning signals to a 
computer for positioning a displayed cursor, where the device includes a housing able 
to be held by the hand of a user, a user manipulatable member moveable by the user's 
thumb in two dimensions, at least one sensor for sensing movement of the user 
manipulatable member, at least one actuator for providing force in at least one of the 
dimensions of the user manipulatable member to facilitate the selection of displayed 
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options or icons based on feedback signals from an application, and a trigger sensor 
for detecting a trigger command from the user which includes moving the member 
approximately orthogonally to the two dimensions, without the lecital of specific 
elements such as a rotatable arm member and shdable contact member, such as is 
provided in new claim 24 below, resulted in the original Letters Patent claiming less 
than the apphcant had a right to claim. At the time of drafting and prosecution of the 
application that matured into the original Letters Patent, I did not perceive that such a 
claim could be made. I recently reviewed the claims of the original Letters Patent and 
realized that there was an issue that I may have claimed less than I had a right to 
claim, and I have been consulting with my counsel to determine whether a reissue 
should be filed to cure this error. 

7.3. To cure the aforementioned error of inadvertent omission, I therefore 

request the addition of a claim such as claim 24 below: 

24. A handheld force feedback device coupled to a computer for 
providing positioning signals to said computer for positioning a cursor 
displayed on a display device, said device comprising: 

a support housing able to be held by a hand of a user; 

a user manipulatable member engageable and moveable by a thumb of 
said user in two dimensions relative to said support housing while said support 
housing is held by said hand of said user, wherein said raovement in said two 
dimensions positions said cursor in two screen dimensions on said display 
device; 

at least one sensor coupled to said user manipulaitable member and 
sensing movement of said user manipulatable member in said two dimensions, 
said sensor providing positioning signals which control said positioning of 
said cursor on said display device; 

at least one actuator coupled to said user manipulatable member, 
wherein said actuator provides a force in at least one of said dimensions of 
said user manipulatable member, wherein said force facilitates the selection of 
options or icons displayed on said display device based on feedback signals 
generated by an application running on said computer; and 
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a trigger sensor for detecting a trigger commanci from said user, said 
trigger command including moving said user msmipulatable member 
approximately orthogonally to said two dimensions. 

7.4. The addition of such a claim would cure my error of inadvertent omission 

by reciting a hand-held force feedback device that includes a user manipulatable 
member moveable in two dimensions, a sensor, at least one actuator for outputting a 
force facilitating object selection, and a trigger sensor, without tlie inclusion of 
elements which are not required to distinguish the invention over the prior art. In 
particular, this claim differs from the independent claims of the present Letters Patent 
by reciting, among other elements, a user manipulatable member moveable in two 
dimensions relative to a handheld housing, a sensor for sensing motion in at least one 
of those dimensions, at least one actuator for outputting a force in at least one of those 
dimensions for facilitating selection of displayed options or icons, and a trigger sensor 
for detecting a trigger command that moves the user manipulatable member 
approximately orthogonally to the two dimensions, without the inclusion of other 
elements such as a rotatable arm member and sUdable contact member, which are 
now understood not to be required to distinguish the invention recited in claim 24. 

7.5. New dependent claims 25 and 26 would cure the inadvertent omission of a 
claim which recites the force feedback device of claim 24 where the two dimensions 
are provided substantially in a single plane, and where the motion of the user 
manipulatable member is orthogonal to a plane defined by the planar dimensions. 

7.6. New dependent claim 27 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 24 and which recites that two 
actuators are provided to provide force in the two dimensions. 

7.7. New dependent claims 28 and 29 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 24 and which recite that the 
user manipulatable member is coupled to an arm member having rotary motion about 
a pivot point and the actuator is coupled to the arm member to output forces about the 
pivot point, and that the arm member is Umited to an arcuate path of less than ninety 
degrees. 
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7.8. New dependent claims 30 and 3 1 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 28 and which recites that the 
first actuator is grounded to the housing and the second actuator is carried by the arm 
member, and where the user manipulatable member is a sliding contact member 
which can be moved in a linear dimension approximately perpendicular to an axis of 
rotation of the arm member and in substantially the same plane as the rotary motion. 

7.9. New dependent claim 32 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 24 and which recites that the cursor 
can be positioned and displayed icons or options can be selected by a single hand of 
the user. 

7.10. New dependent claim 33 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 24 and which recites that the actuator 
is one of a motor, a brake, and a solenoid. 

7.11. New dependent claims 34 and 35 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 24 and which recite that the 
user manipulatable member is coupled to a centering spring return that causes a bias 
on the user manipulatable member to return to a center position after it has been 
moved from the center position, and where a centering spring bias on said user 
manipulatable member may be electrically actuated by a signal received from the 
computer, allowing the force feedback device to have a centering mode and a non- 
centering mode, selected by the computer. 

7.12. New dependent claims 36, 37, and 38 would cure the inadvertent 
omission of claims which recite the force feedback device of claim 24 and which 
recite that the cursor can be used to select an icon, the trigger command selects the 
icon when the cursor is positioned over the icon, that the actuator outputs a force to 
augment or restrain motion of the cursor on the screen, and that the image is a video 
game character. 

7.13. New dependent claim 39 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 24 and a trigger actuator for causing 
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resistance to the motion of the trigger command by the user based on a feedback 
signal from the computer. 

7.14. New dependent claim 40 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 24 and at least one additional control 
provided on the housing and operable by a different hand of the user. 

7.15. New dependent claims 41, 42, and 43 would cure the inadvertent 
omission of claims which recite the force feedback device of claim 24 and which 
recite that the actuator outputs detents when the cursor overlaps or is positioned near 
an icon displayed on the screen, that the detents provide tactile click stops correlated 
with targets or options displayed on the screen, and that a detent correlated with a 
target or option is deactivated once the target or option is selected by the user using 
the force feedback device. 

7.16. New dependent claims 44 and 45 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 41 and which recite that the 
user selects the target or option by causing a trigger signal to be sent to the computer, 
the trigger signal caused by a pressing motion of the user manipulatable member, and 
that the detents are output for use in a word processor or spreadsheet program 
provided on the computer. 

7.17. I further believe that the absence in said Letters Patent of an independent 
claim in which a force feedback device for providing positioning signals to a 
computer for manipulating a displayed image, where the device includes a housing, a 
user manipulatable member moveable by the user's digit in two degrees of freedom, 
at least one sensor for sensing movement of the user manipulatable member in the 
two degrees of freedom, at least one computer controlled brake for providing drag in 
at least one of the degrees of freedom, and a trigger sensor for detecting a trigger 
command from the user which includes a pressing motion by the user's digit causing 
the member to move in a different degree of freedom, without the recital of specific 
elements such as a rotatable arm member and slidable contact member, such as is 
provided in new 46 below, is an error of inadvertent omission that occurred during the 
drafting and prosecution of the appUcation that matured into the present Letters 
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Patent. At the time of drafting and prosecution of the apphcation that matured into 
the present Letters Patent, I did not perceive that a device that includes the above 
elements should be claimed independently, without the inclusion of other elements 
such as are included in claims 1-23 of the present Letters Patent. To cure the 
aforementioned error of inadvertent omission, I therefore request the addition of a 
claim such as claim 46 below: 

46. A force feedback device coupled to a computer for providing 
positioning signals to said computer for manipulating an image displayed on a 
screen by said computer, said device comprising: 

a support housing; 

a user manipulatable member coupled to said housing and engageable 
and moveable by one or more digits of said user in two degrees of freedom 
relative to said housing, wherein at least one of said degrees of freedom is a 
rotary degree of freedom about an axis of rotation; 

at least one sensor coupled to said user manipulatable member and 
sensing movement of said user manipulatable member in said two degrees of 
freedom, said sensor providing positioning signals which control positioning 
of said image on said screen by said computer; 

at least one computer controlled brake coupled to said user 
manipulatable member, wherein said brake provides a drag in at least one of 
said degrees of freedom of said user manipulatable member; and 

a trigger sensor for detecting a trigger command from said user, said 
trigger command including a pressing motion by said digit causing said user 
manipulatable member to move in a trigger degree of freedom different from 
said two degrees of freedom. 

7.1 8. New dependent claim 47 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 46and which recites that the housing 
is able to be held and operated by a single hand of a user. 

7. 19. New dependent claims 48 and 49 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 46 and v/hich recite that the 
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other of the two degrees of freedom is a hnear degree of freedora, and that the two 
degrees of freedom are approximately in the same plane. 

7.20. New dependent claim 50 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 46 and which recites that the brake is 
a first brake providing a drag in a first of the two degrees of freedom, and further 
comprising a second computer controlled brake coupled to said user manipulatable 
member, where the second brake provides a drag in a second one of the degrees of 
freedom. 

7.21. New dependent claims 51 and 52 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 50 and which recite that the 
user manipulatable member is coupled to an arm member having rotary motion about 
a pivot point, where the first brake is coupled to the arm member to output forces 
about the pivot point, and that the user manipulatable member is a sliding member 
which can be moved along at least a portion of the arm member in a linear degree of 
freedom, where the second brake outputs forces in the linear degree of freedom. 

7.22. New dependent claims 53 and 54 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 46 and which recite that the 
cursor can be used to select an icon displayed on the screen, where the trigger 
command selects the icon when the cursor is positioned over the icon, and that the 
brake outputs a force controlled by the computer to provide tactile clicks correlated 
with targets or options displayed on the screen. 

7.23. New dependent claim 55 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 46 and which recites that the device 
is provided in an automobile dashboard or automobile steering wheel. 

7.24. New dependent claims 56 and 57 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 46 and which recite that the 
brake includes an electromagnetic coil, and that the brake employs an eletro- 
rheological compound. 
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7.25. New dependent claims 48 and 49 would cure the inadvertent omission of 
claims which recite the force feedback device of claim 46 and which recite that the 
handle is capable of moving in only two degrees of freedom, and that the two degrees 
of freedom are linear degrees of freedom. 

7.26. I further beheve that the absence in said Letters Patent of an independent 
claim reciting a method for providing positioning signals from a user to a computer to 
manipulate a displayed cursor, including providing a handheld force feedback device 
including a thumb member moveable by a user in two degrees of freedom, sensing 
movement of the thumb member to provide positioning signals, and providing a drag 
in the two degrees of freedom using at least one braking actuator to facilitate selection 
of a displayed icon or option, claimed without the inclusion of other elements 
included in claims 1-24 of the original patent, such as is provided in new claim 58 
below, is an error of inadvertent omission that occurred dxiring the drafting and 
prosecution of the application that matured into the present Letters Patent. At the 
time of drafting and prosecution of the application that matured into the present 
Letters Patent, I did not perceive that a method that includes the above elements 
should be claimed independently, without the inclusion of other elements such as are 
included in claims 1-23 of the present Letters Patent. To cure the aforementioned 
error of inadvertent omission, I therefore request the addition of a claim such as claim 
58 below: 

58. A method for providing positioning signals to a computer from a 
user for manipulating a displayed cursor on a screen and for providing force 
feedback to said user, said method comprising: 

providing a handheld force feedback device coupled to said computer, 
said handheld force feedback device including a thumib member engageable 
and moveable by a thumb of said user in two degrees of freedom while said 
device is held by said hand of said user; 

sensing movement of said thumb member in said two degrees of 
freedom using at least one motion sensor and providing positioning signals to 
said computer in accordance with said sensed movement, wherein said 
positioning signals are used by said host computer to move a cursor displayed 
on a screen in two dimensions of said screen; and 
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providing a drag in said two degrees of freedom of said thumb member 
using at least one braking actuator coupled to said thumb member, wherein 
said drag facilitates selection of an icon or option displayed on said screen by 
said cursor. 

7.27. New dependent claim 59 would cure the inadvertent omission of a claim 
which recites the method of claim 58 and which recites detecting a trigger command 
from said user including a pressing motion of the thumb member, where the trigger 
command is sent to the computer to be used to select an option or icon displayed on 
the screen with the cursor. 

7.28. New dependent claims 60 and 61 would cure the inadvertent omission of 
claims which recite the method of claim 58 and which recites that the two degrees of 
freedom are substantially in a single plane, and that one of the degrees of freedom is a 
rotary degree of freedom and another of the degrees of freedom is a linear degree of 
freedom. 

7.29. New dependent claim 62 would cure the inadvertent omission of a claim 
which recites the method of claim 58 and which recites that the brakes output drag to 
hinder motion of a rotating member coupled to the thumb member and hinder a 
sliding motion of the thumb member. 

7.30. Column 1 1 , lines 42-48 and 55-61 of the original Letters Patent include 
what I believe to be an accurate and proper characterization of a force feedback device 
including a spring mechanism, reproduced below: 

Embodiments of the present invention may also be equipped 
with a spring return mechanism. With reference to interface control 10 
(FIG. 2), a centering spring may be coupled to arm member 20 which 
causes arm member 20 to return to its center position whenever arm 
member 20 has deviated from the center position by exerting pressure 
on arm member 20... The centering spring may also be electrically 
actuated by an external signal from the interfaced device (i.e., 
computer, video game, and so on). Inclusion of such an electrically 
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actuated spring allows the interfaced device to switch the controller 
between two modes of operation (spring centering and non-centering), 
as the particular application may require. 

7.3 1. I further believe that the absence in said Letters Patent of an independent 

claim reciting a handheld force feedback device for providing positioning signals to a 
computer for positioning a displayed cursor, including a housing, a user 
manipulatable member moveable by a digit of a user in two degrees of freedom, 
where one of the degrees of freedom is rotary, a spring return mechanism to provide a 
centering bias on the member toward a center position of the rotary degree of 
freedom, at least one sensor for providing positioning signals, at least one actuator for 
providing a force in one of said degrees of freedom, and a trigger sensor for detecting 
a trigger command from the user, including a pressing motion in a different degree of 
freedom, claimed without the inclusion of other elements included in claims 1-24 of 
the original patent, such as is provided in new claim 63 below, is an error of 
inadvertent omission that occurred during the drafting and prosecution of the 
application that matured into the present Letters Patent. At the time of drafting and 
prosecution of the application that matured into the present Letters Patent, I did not 
perceive that a device that includes the above elements should be claimed 
independently, without the inclusion of other elements such as are included in claims 
1-23 of the present Letters Patent. To cure the aforementioned error of inadvertent 
omission, I therefore request the addition of a claim such as claim 63 below: 

63. A handheld force feedback device coupled to a computer for 
providing positioning signals to said computer for positioning a cursor 
displayed on a screen, said device comprising: 

a support housing; 

a user manipulatable member coupled to said housing and engageable 
and moveable by a digit of said user in two degrees of freedom relative to said 
housing while said housing is held by said hand of said user, wherein at least 
one of said degrees of freedom is a rotary degree of freedom about an axis of 
rotation; 
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a spring return mechanism coupled to said user naanipulatable member 
to provide a centering bias on said user manipulatable member toward a center 
position of said rotary degree of freedom when said user manipulatable 
member has been moved from said center position; 

at least one sensor coupled to said user manipulatable member and 
sensing movement of said user manipulatable member in said two degrees of 
freedom, said sensor providing positioning signals which control said 
positioning of said cursor on said screen; 

at least one actuator coupled to said user manipulatable member, 
wherein said actuator provides a force in one of said degrees of freedom of 
said user manipulatable member; and 

a trigger sensor for detecting a trigger command from said user, said 
trigger command including a pressing motion causing siaid user manipulatable 
member to move in a trigger degree of freedom different from said two 
degrees of freedom. 

7.32. New dependent claim 64 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 63 and which recites that the spring 
return mechanism is electrically actuated by an external signal received from the 
computer, allowing the spring return mechanism to be selectively applied in a 
centering mode and allowing the spring return mechanism to have no effect in a non- 
centering mode. 

7.33. New dependent claim 65 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 64 and which recites that the external 
signal is controlled by a video game running on the computer. 

7.34. New dependent claim 66 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 64 and which recites that the spring 
return mechanism is coupled to a pivotable arm member providing the rotary degree 
of freedom, and further comprising a centering spring coupled to the user 
manipulatable member to provide a centering bias in another of the two degrees of 
freedom. 
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7.35. Column 9, lines 6-15 of the original Letters Patent include what I believe 
to be an accurate and proper characterization of a force feedback device for use in an 
automobile, reproduced below: 

The above described interface controls may be mounted in 
virtually any enclosure, including (but not limited to) control panels, 
automobile dashboards, steering wheels, or handgrips of other 
interface controls. For instance, in one such embodiment, base plate 
14 (FIG. 2) may be disposed within the handgrip portion of a floor- 
mounted lever arm control, i.e., a transmission selector in a vehicle, to 
provide users with a superior means to control such things as the 
vehicle's navigation system or communications with the vehicle's on- 
board computer system. 

7.36. I further believe that the absence in said Letters Patent of an independent 
claim in which a force feedback control provided in an automobile and coupled to an 
on-board vehicle computer system for providing input to the computer system, 
including a user manipulatable member, sensor, actuator, and tri gger sensor, claimed 
without the inclusion of other elements included in claims 1-23 of the original patent, 
such as is provided in new claim 67 below, is an error of inadvertent omission that 
occurred during the drafting and prosecution of the application liiat matured into the 
present Letters Patent. At the time of drafting and prosecution of the application that 
matured into the present Letters Patent, I did not perceive that a device that includes 
the above elements should be claimed independently, without the inclusion of other 
elements such as are included in claims 1-23 of the present Letters Patent. To cure 
the aforementioned error of inadvertent omission, I therefore request the addition of a 
claim such as claim 67 below: 

67. A force feedback control provided in an automobile and coupled 
to an on-board vehicle computer system for providing input to said computer 
system, said control comprising: 

a user manipulatable member provided in an automobile dashboard, 
said member engageable and moveable by a digit of sadd user in two degrees 
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of freedom relative to said dashboard, wherein at least one of said degrees of 
freedom is a rotary degree of freedom about an axis of rotation; 

at least one sensor coupled to said user manipulatable member and 
sensing movement of said user manipulatable member in said two degrees of 
freedom, said input to said computer system based on positioning signals 
provided by said sensor; 

at least one actuator coupled to said user manipulatable member, 
wherein said actuator provides a force in one of said degrees of freedom of 
said user manipulatable member; and 

a trigger sensor for detecting a trigger command from said user, said 
trigger command including a pressing motion causing said user manipulatable 
member to move in a trigger degree of freedom different from said two 
degrees of freedom. 

7.37. New dependent claim 68 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 67 and which recites that the user 
manipulatable member is manipulated by the user to provide communication with the 
on-board computer system. 

7.38. New dependent claim 69 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 67 and which recites that the input to 
the computer system controls a vehicular navigation system. 

7.39. New dependent claim 70 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 67 and which recites that the two 
degrees of freedom of the user manipulatable member define a plane. 

7.40. New dependent claim 71 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 67 and which recites that the trigger 
degree of freedom is orthogonal to the plane. 

7.41. New dependent claim 72 would cure the inadvertent omission of a claim 
which recites the force feedback device of claim 67 and which recites that the actuator 
is a motor. 
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7.42. New dependent claim 73 would cure the inadvertent omission of a claim 

which recites the force feedback device of claim 67 and which recites that the actuator 
is a passive brake. 



7.43. I hereby appoint the following attorneys and agents to prosecute this 

application and transact all business in the Patent and Trademarlc Office connected 
therewith: 

James R. Riegel, Reg. No. 36,651; Paul L. Hickman, Reg. No. 28,516; L. 
Keith Stevens, Reg. No. 32,632; Brian R. Coleman, Reg. No. 39,145; Michael E. 
Melton, Reg. No. 32,276; Jerry Wei, Reg. No. 43,247; Robert D. Hayden, Reg. No. 
42,645; Kevin J. Zilka (Reg. No. 41,429); and Dominic M. Kotab, Reg. No. 42,762. 

8. Please send all correspondence to: 

Paul L. Hickman 
Hickman Stephens & Coleman 
P.O. Box 52037 
Palo Alto, CA 94303-0746 

Please direct all telephone calls to: 

James R. Riegel, Registration No. 36,651 

Tel: (408) 467-1900; Fax: (408) 467-1901 
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9. I hereby declare that all statements made herein of my own knowledge are 

true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the Uke so made are punishable by fine or imprisonment, or both, 
under section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the appUcation or any patent issuing 
thereon. 

Full name of sole inventor: Craig F. Culver^ 
Inventor's signature: 
Date: 



e: //^ 



Country of Citizenship: USA 
Residence: 201 Ware Road 

Woodside, CA 94062 
Post Office Address: Same. 
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NEW CLAIMS 



24. A handheld force feedback device coupled to a computer for providing 
positioning signals to said computer for positioning a cursor displayed on a display 
device, said device comprising: 

a support housing able to be held by a hand of a user; 

a user manipulatable member engageable and moveable by a thumb of said 
user in two dimensions relative to said support housing while said support housing is 
held by said hand of said user, wherein said movement in said two dimensions 
positions said cursor in two screen dimensions on said display device; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two dimensions, said sensor 
providing positioning signals which control said positioning of said cursor on said 
display device; 

at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in at least one of said dimensions of said user manipulatable 
member, wherein said force facilitates the selection of options or icons displayed on 
said display device based on feedback signals generated by an application running on 
said computer; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
command including moving said user manipulatable member approximately 
orthogonally to said two dimensions. 

25. A force feedback device as recited in claim 24 wherein said two 
dimensions are provided substantially in a single plane. 

26. A force feedback device as recited in claim 25 wherein said motion of 
said user manipulatable member is orthogonal to a plane defined by said planar 
dimensions. 

27. A force feedback device as recited in claim 24 wherein said at least one 
actuator is a first actuator, and further comprising a second actuator coupled to said 
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user manipulatable member, wherein said second actuator provides a force in the 
other of said dimensions of said user manipulatable member. 

28. A force feedback device as recited in claim 24 wherein said user 
manipulatable member is coupled to an arm member having rotary motion about a 
pivot point to provide motion in one of said two dimensions, wherein said actuator is 
coupled to said arm member to output forces about said pivot point. 

29. A force feedback device as recited in claim 28 wherein said rotary motion 
of said arm member is limited to an arcuate path of less than ninety degrees. 

30. A force feedback control device as recited in claim 28 further comprising 
a second actuator, and wherein said first actuator is grounded to said housing and 
wherein said second actuator is carried by said arm member. 

31. A force feedback device as recited in claim 28 wherein said user 
manipulatable member is a sliding contact member which can be moved in a hnear 
dimension approximately perpendicular to an axis of rotation of said arm member and 
in substantially the same plane as said rotary motion, thereby providing said motion 
in one of said two dimensions. 

32. A force feedback device as recited in claim 24 wherein said cursor can be 
positioned and displayed icons or options can be selected by a single hand of said 
user. 

33. A force feedback device as recited in claim 24 wherein said at least one 
actuator is one of a motor, a brake, and a solenoid. 

34. A force feedback device as recited in claim 24 wherein said user 
manipulatable member is coupled to a centering spring return that causes a bias on 
said user manipulatable member to return to a center position after it has been moved 
from said center position. 

35. A force feedback device as recited in claim 24 wherein a centering spring 
bias on said user manipulatable member may be electrically actuated by a signal 
received from said computer, allowing said force feedback device to have a centering 
mode and a non-centering mode, selected by said computer. 

36. A force feedback device as recited in claim 24 wherein said cursor can be 
used to select an icon, wherein said trigger coitmiand selects said icon when said 
cursor is positioned over said icon. 
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37. A force feedback device as recited in claim 36 wherein said at least one 
actuator outputs a force to augment or restrain motion of said cursor on said screen. 

38. A force feedback device as recited in claim 24 wherein said image is a 
video game character. 

39. A force feedback device as recited in claim 24 further comprising a 
trigger actuator for causing resistance to said motion of said trigger command by said 
user based on a feedback signal from said computer. 

40. A force feedback device as recited in claim 24 further comprising at least 
one additional control provided on said housing and operable by said user, wherein 
said additional control is operated by a different hand of said user than said hand 
operating said user manipulatable member. 

41. A method as recited in claim 24 wherein said at least one actuator outputs 
detents when said cursor overlaps or is positioned near an icon displayed on said 
screen. 

42. A method as recited in claim 41 wherein detents provide tactile click 
stops correlated with targets or options displayed on said screen. 

43. A method as recited in claim 42 wherein a detent correlated with a target 
or option is deactivated once said target or option is selected by said user using said 
force feedback device. 

44. A method as recited in claim 41 wherein said user selects said target or 
option by causing a trigger signal to be sent to said computer, said trigger signal 
caused by a pressing motion of said user manipulatable member. 

45. A method as recited in claim 41 wherein said detents are output for use in 
a word processor or spreadsheet program provided on said computer. 

46. A force feedback device coupled to a computer for providing positioning 
signals to said computer for manipulating an image displayed on a screen by said 
computer, said device comprising: 

a support housing; 

a user manipulatable member coupled to said housing and engageable and 
moveable by one or more digits of said user in two degrees of freedom relative to said 
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housing, wherein at least one of said degrees of freedom is a rotary degree of freedom 
about an axis of rotation; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two degrees of freedom, said 
sensor providing positioning signals which control positioning of said image on said 
screen by said computer; 

at least one computer controlled brake coupled to said user manipulatable 
member, wherein said brake provides a drag in at least one of siiid degrees of freedom 
of said user manipulatable member; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
conmiand including a pressing motion by said digit causing said user manipulatable 
member to move in a trigger degree of freedom different from said two degrees of 
freedom. 



47. A force feedback device as recited in claim 46 wherein said housing is 
able to be held and operated by a single hand of a user. 

48. A force feedback device as recited in claim 46 wherein the other of said 
two degrees of freedom is a Unear degree of freedom and wherein said rotary degree 
of freedom allows a pivoting motion of said digit of said user. 

49. A force feedback device as recited in claim 47 wherein said two degrees 
of freedom are approximately in the same plane. 

50. A force feedback device as recited in claim 46 wherein said at least one 
brake is a first brake providing a drag in a first of said two de^grees of freedom, and 
further comprising a second computer controlled brake coupled to said user 
manipulatable member, wherein said second brake provides a drag in a second one of 
said degrees of freedom of said user manipulatable member. 

51. A force feedback device as recited in claim 50 wherein said user 
manipulatable member is coupled to an arm member having rotary motion about a 
pivot point, wherein said first brake is coupled to said arm member to output forces 
about said pivot point. 
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52. A force feedback device as recited in claim 51 wherein said user 
manipulatable member is a sliding member which can be moved along at least a 
portion of said arm member in a linear degree of freedom, and wherein said second 
brake outputs forces in said linear degree of freedom. 

53. A force feedback device as recited in claim 46 wherein said cursor can be 
used to select an icon displayed on said screen, wherein said trigger command selects 
said icon when said cursor is positioned over said icon. 

54. A force feedback device as recited in claim 46 wherein said brake outputs 
a force controlled by said computer to provide tactile clicks coixelated with targets or 
options displayed on said screen. 

55. A force feedback device as recited in claim 46 wherein said device is 
provided in an automobile dashboard or automobile steering wheel. 

56. A force feedback device as recited in claim 46 wherein said at least one 
brake includes an electromagnetic coil. 

57. A force feedback device as recited in claim 46 wherein said at least one 
brake employs an electro-rheological compound. 



58. A method for providing positioning signals to a computer from a user for 
manipulating a displayed cursor on a screen and for providing force feedback to said 
user, said method comprising: 

providing a handheld force feedback device coupled to said computer, said 
handheld force feedback device including a thumb member engageable and moveable 
by a thumb of said user in two degrees of freedom while said device is held by said 
hand of said user; 

sensing movement of said thumb member in said two degrees of freedom 
using at least one motion sensor and providing positioning signals to said computer in 
accordance with said sensed movement, wherein said positioning signals are used by 
said host computer to move a cursor displayed on a screen in two dimensions of said 
screen; and 
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providing a drag in said two degrees of freedom of said thumb member using 
at least one braking actuator coupled to said thumb member, wherein said drag 
facilitates selection of an icon or option displayed on said screen by said cursor. 



59. A method as recited in claim 58 further comprising detecting a trigger 
command from said user, said trigger command including a pressing motion of said 
thumb member, wherein said trigger command is sent to said computer to be used to 
select an option or icon displayed on said screen with said cursor. 

60. A method as recited in claim 58 wherein said two degrees of freedom are 
substantially in a single plane. 

61. A method as recited in claim 58 wherein one of said degrees of freedom is 
a rotary degree of freedom and another of said degrees of freedom is a linear degree 
of freedom. 

62. A method as recited in claim 58 wherein said brakes output drag to hinder 
motion of a rotating member coupled to said thumb member and hinder a sliding 
motion of said thumb member. 



63. A handheld force feedback device coupled to a computer for providing 
positioning signals to said computer for positioning a cursor displayed on a screen, 
said device comprising: 

a support housing; 

a user manipulatable member coupled to said housing and engageable and 
moveable by a digit of said user in two degrees of freedom relative to said housing 
while said housing is held by said hand of said user, wherein at least one of said 
degrees of freedom is a rotary degree of freedom about an axis of rotation; 

a spring return mechanism coupled to said user manipulatable member to 
provide a centering bias on said user manipulatable member toward a center position 
of said rotary degree of freedom when said user manipulatable member has been 
moved from said center position; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two degrees of freedom, said 
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sensor providing positioning signals which control said positioning of said cursor on 
said screen; 

at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in one of said degrees of freedom of said user manipulatable 
member; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
command including a pressing motion causing said user manipulatable member to 
move in a trigger degree of freedom different from said two degrees of freedom. 



64. A force feedback device as recited in claim 63 wherein said spring return 
mechanism is electrically actuated by an external signal received from said computer, 
allowing said spring return mechanism to be selectively apphed in a centering mode 
and allowing said spring return mechanism to have no effect in a non-centering mode. 

65. A force feedback device as recited in claim 64 wherein said external 
signal is controlled by a video game running on said computer. 

66. A force feedback device as recited in claim 64 wherein said spring return 
mechanism is coupled to a pivotable arm member providing said rotary degree of 
freedom, and further comprising a centering spring coupled to said user manipulatable 
member to provide a centering bias in another of said two degrees of freedom. 

67. A force feedback control provided in an automobile and coupled to an on- 
board vehicle computer system for providing input to said computer system, said 
control comprising: 

a user manipulatable member provided in an automobile dashboard, said 
member engageable and moveable by a digit of said user in two degrees of freedom 
relative to said dashboard, wherein at least one of said degrees of freedom is a rotary 
degree of freedom about an axis of rotation; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two degrees of freedom, said 
input to said computer system based on positioning signals provided by said sensor; 
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at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in one of said degrees of freedom of said user manipulatable 
member; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
command including a pressing motion causing said user manipulatable member to 
move in a trigger degree of freedom different from said two degrees of freedom. 



68. A force feedback control as recited in claim (57 wherein said user 
manipulatable member is manipulated by said user to provide communication with 
said on-board computer system. 

69. A force feedback control as recited in claim 67 wherein said input to said 
computer system controls a vehicular navigation system. 

70. A force feedback control as recited in claim 67 wherein said two degrees 
of freedom of said user manipulatable member define a plane. 

71. A force feedback control as recited in claim 67 wherein said trigger 
degree of freedom is orthogonal to said plane. 

72. A force feedback control as recited in claim 67 wherein said actuator is a 

motor. 

73. A force feedback control as recited in claim 67 wherein said actuator is a 
passive brake. 
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The assignee of the above-identified appUcation for reissue. Immersion 
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Assignment of U.S. Patent No. 5,666,138 from the inventor to Immersion Corp., 
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